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INTRODUCTION. 



It is a great satisfaction to me to be in a position to 
place before the public, in the present volume, an 
account of the Extraction of Gold by the Cyanide 
Process, which I believe will be found by Metal- 
lurgists who desire to avail themselves of the pro- 
cess to be sufficiently full and complete for practical 
purposes. That I am in a position to do this, is 
owing to the fact of my having made a lengthened 
stay in the Witwatersrand gold fields —whence I 
have just returned — and to my having enjoyed there 
unique opportunities of studying the process in actual 
operation. 

Before entering upon an account of the process, 
some further introductory remarks will be advisable. 

Metallurgy, as applied to preparing and winning* 
the gold from its ores, resolves itself, broadly speak- 
ing, into two methods, in one of which mechanical 
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means, and in the other chemical means, are employed. 
I consider the stamping or crushing of the ore in a 
battery, and the catching of the gold on amalgamated 
copper plates, a mechanical process, although the 
recovery of the gold in chemical combination with 
mercury might entitle it to be considered otherwise. 
The whole process is nothing more or less than a 
simple system of concentration, as the gold, owing to 
its great specific gravity, separates from the lighter 
gangue in which it is enclosed ; and when the pul- 
verized ore particles are washed away, the gold grains 
sink and are arrested on the amalgamated smooth 
surfaces of the plates over which the stream carries 
them, or get entangled in the hairs of the blankets, 
or are stopped in the riffles of the sluice box, or what- 
ever other method is used in the battery to save the 
free gold. 

When gold is in combination with other minerals, 
more complicated methods have to be employed to 
collect it by mechanical means, but these it will be 
unnecessary to describe in the following pages. 

There are very few chemical means by which 
gold can be won from its ores, leaving aside the 
smelting process by which the gold is collected in the 
smelting furnace by means of, and in combination 
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with, Other metals. The reason why gold is not 
easily won by chemical means is because it is a non- 
oxidizable metal, which maintains its purity, and is 
therefore mostly found in its native or metallic state. 
Owing to its rarity it has become of such great value, 
and the medium of interchange since the remotest 
times. 

Its solvents are aqua regia, chlorine, and potas- 
sium cyanide. The application of such a corrosive 
agent as aqua regia for the treatment of ores on a 
large scale is out of the question, and of the chemical 
means at our command there remain only the last 
two. By exposing the gold ores, or the concentrated 
portion of the same, to the action of chlorine gas, the 
gold is converted into a soluble chloride of gold by the 
well-known chlorination methods ; and by the other 
method the gold is dissolved in solutions of cyanide of 
potassium. 

That gold when in a fine state of division was 
soluble in cyanide of potassium, was already known 
in the middle ages, and the gilding of metals was 
carried out in those remote days by jewellers and 
alchemists, by the use of gold in cyanide solutions. 
Of course, gilding by means of fire was usually 
employed. 



Vlll INTRODUCTION. 

Several scientific books, dating back to the begin- 
ning of this century, mention the solubility of gold in 
potassium cyanide solutions. The application of this 
solvent for the treatment of auriferous ores was first 
thought of and patented in the United States in 1867 ; 
and although the process was tried and experimented 
with by some eminent metallurgists of that country, 
no practical or commercial results were obtained. 

Now, how is it — in spite of repeated failure in 
America and elsewhere — that within the last few 
years the cyanide process has come into such pre- 
eminence, and as such a grand success, before the 
metallurgical world ? 

In answer to this question, I believe I am safe in 
stating that the ores of the Witwatersrand gold fields, 
where the cyanide process was first introduced, carry 
the gold in a pure and metallic state, in an extremely 
fine state of division (and even in the pyrites, the gold 
does not occur in chemical combination, but in a free 
state) ; and, therefore, all the conditions existed there 
to make the application of the cyanide process a 
perfect success. These facts are not only of interest 
to the metallurgist, but they should also throw some 
light on the geological features and conditions under 
which these peculiar conglomerate beds were formed. 
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The mines of this district, it should be said, will for 
ever have to acknowledge the immense services which 
the Mac Arthur-Forrest Company have rendered by- 
developing and introducing the process, as they spent 
large sums to bring it into practical shape, and to 
demonstrate its commercial advantages. But for those 
exertions, enormous values would have remained 
practically unavailable, preventing many mines from 
working at a profit, and the production of these fields 
would not be what it is to-day by 50 per cent. 

In this connection I can mention that out of a total 
gold production of 1,478,470 oz. in 1893, there were 
produced from the tailings 330,510 oz. by the cyanide 
process ; and in August, 1894, out of the monthly pro- 
duction of 174,977 oz., nearly 58,000 oz. were won by 
the cyanide process. 

The great future and potentiality of development 
which may be anticipated for these gold fields is 
strikingly illustrated by the opinion of such an emi- 
nent authority as Mr. Hamilton Smith, who (in his 
report to the house of N. M. Rothschild & Sons), has 
stated that that portion of the Witwatersrand which 
lies between the Langlaagte Block B and the Glen- 
cairn Mine— or about iij miles in length, along the 
strike of the main reef series, — if exploited to a verti- 
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cal depth of 3,000 ft., would yield in gold 215 million 
pounds sterling ; while Bergrath Schmeisser (in his 
report made to the German Government), taking for 
estimate a depth of 800 metres, arrives at the yield 
of 208 million pounds, and for a depth of 1,200 
metres, the yield of 349 millions. And when we 
consider that at least one-third of these prodi- 
gious amounts will be won by the cyanide pro- 
cess, one can hardly overestimate the importance 
of the work which the Mac Arthur-Forrest Company 
has done in bringing that process into its pre- 
sent position of prominence in the Witwatersrand 
gold fields. Certainly it cannot be gainsaid that they 
are entitled to a fair reward for their labours. 

When I arrived in 1890 on the Witwatersrand gold 
fields, I undertook numerous experiments for the treat- 
ment of tailings by pan amalgamation, but with un- 
satisfactory results. The difficulty I had to contend 
with was the formation of large quantities of iron 
amalgam in the pan. The quicksilver became dirty 
and floured, causing very heavy losses, and I had a 
costly process before me to separate the iron from the 
gold ; and although others followed me, and put up 
various devices for treating the tailings, it was only 
the advent of the cyanide process which solved this 
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most difficult problem^ as pan amalgamation would 
have been too expensive. 

So far, the process has not achieved similar suc- 
cess in other countries, which to my mind proves that 
the ores on these fields contain the gold in a free 
condition ; and to further corroborate this view, I can 
state that at the Simmer and Jack mine the pyritic 
concentrates which are daily collected on the blankets 
yield by pan amalgamation 65 per cent. Of course 
these blanketings contain a considerable amount of 
free gold which escapes irom the copper plates. 

Within the last few months, Messrs. Siemens and 
Halske have successfully introduced on the same 
fields their patented process, which consists in precipi- 
tating the gold by electricity on sheets of lead ; and, 
owing to certain economical advantages, it may be 
anticipated that their process will prove a formidable 
rival to its predecessor. In the succeeding chapters 
will be found an account of the working details of 
these processes, including some of the observations 
and researches of those gentlemen who have been 
most prominent in bringing them to their present state 
of perfection. 

I must not conclude these remarks without express- 
ing my deep obligations to the several gentlemen — 
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whose names will be found duly recorded in the 
following pages — to whom I am indebted for much of 
the material and information embodied in the volume, 
and for the opportunities so freely afforded me, during 
my stay in the Witwatersrand gold fields, of making 
myself practically acquainted with the working of the 
cyanide process. It is not myself only, but all who 
are interested — whether as metallurgists or investors 
— in the gold-mining industry, who have thus been 
laid under obligation ; and as I have taken no small 
pains to put to good use the material and opportuni- 
ties which have been so freely placed at my disposal, 
I trust that the outcome of my efforts. in the present 
volume will prove thoroughly acceptable to that 
numerous body. 



37, Belsize Park, 

South Hampstead, London, N.W. 
December t 1894. 
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CHAPTER I. 
ERECTION OF A CYANIDE PLANT. 

Planning the Works. — In the erection of a cyanide plant, 
before planning the same, some essential points have to be 
considered. Are the works to be erected to treat an old accu- 
mulated stock of tailings ? Or have they -to be laid out to treat 
the tailings as they come from the battery ? In many cases 
both these points have to be combined. 

As tailings reservoirs are generally situated on the lowest 
point below the battery site, no provision exists below such 
dams for the erection of works which would permit of further 
dumping-ground and handling of the stuflf by gravitation. At 
all events, the topographical conditions of Wit waters rand would 
allow such an arrangement only in rare instances. In localities 
where the fall of the ground below the reservoirs permits of the 
erection of the works, I would recommend this to be done, as it 
permits of the charging of tanks and their discharging by gravi- 
tation. In most cases the opposite course had to be resorted 
to on these fields ; the tailings from the old pits or reservoirs 
had to be hauled up-hill to the cyanide works, steam power 
being mostly used. The arrangement is simple enough, as the 
dumping cars are pulled up on an inclined trestle-work above 

B 
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the leaching tanks, and after discharging their contents they run 
back by gravitation, and are held back by the brake of the haul- 
ing drum. In large works five to six trucks, holding 20 cubic feet 
each, are hauled up at a time. At every mine the mechanical 
arrangement for the filling of the tanks is different, depending 
on local conditions. Messrs. Fraser and Chalmers have lately 
introduced a system of mechanical haulage by means of endless 
wire ropes which works very well, and which I would recommend 
in preference to anything I have seen on these fields. 

To work old tailings by the cyanide process oflfers no diffi- 
culty to percolation, as they come to the works in the proper 
condition. They were cleaned of the slimes by the natural 
system of concentration, which takes place in the collecting 
reservoirs. It is very interesting to stand at the discharge end 
of the launder carrying the tailings to the reservoir, and to see 
how the tailings arrange themselves according to the natural 
laws of gravitation, and are prepared here for subsequent treat- 
ment. At the head of the tailing pit the coarser tailings accu- 
mulate, and near the dam the finest, and also slimes. The 
overflow from the first reservoir is collected in a second reser- 
voir, where the slimy, clayey residue accumulates, which, strange 
to say, is as rich, and even richer, than the tailings in the first 
reservoir. 

To lay out plans for an accumulated stock of tailings offers 
no great difficulty, provided there is near by a sloping ground 
permitting of the discharging from the leaching tanks and their 
dumping by gravitation. If the country is flat, the re-worked 
tailings will have to be hauled up an incline again and then 
dumped. On a flat site it will be necessary to place the leach- 
ing vats on masonry sufficiently high to give room for discharge, 
and gradient for the flow of the leaching solutions to the preci- 
pitation boxes. 

When works are erected to treat tailings which are dis- 
charged from the battery, important appliances have to be 
resorted to, to prepare them for the cyanide treatment, and be- 
fore they are collected in the leaching vats, owing to the physical 
condition of the powdered ore. 
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The discharge launder which carries the tailings from the 
battery to the cyanide works should have a grade of at least 
3 ft. 6 in. in the 100 ft. to insure a good flow. In a flat country 
where no grade exists, the tailings should be elevated by means 
of bucket wheels to the proper height. From the experience 
gained on these fields, tailing pumps have not given satisfaction ; 
it may be that they were not properly constructed, as I am told 
that in Australia they are in various places in successful opera- 
tion. There are on several mines here large tailing wheels in 
use, and I should consider them the best way of elevating 
tailings, as they require very little attention and repairs when 
properly constructed and set. 

Supposing that we desire to erect a cyanide plant directly 
behind a battery, the following grade would be required for 
doing the whole work by gravitation. Supposing the plant to 
be located 100 ft. from the battery — 

Feet. Inches. 
The grade for the discharge launders will require . 3 6 

Masonry for settling tanks 6 6 

Settling tanks 10 o 

Masonry for leaching tanks 6 6 

Settling tanks 10 o 

Precipitating boxes and grade for outflow pipes ..60 

Total grade . . 42 6 

To this could be added from 6 to 10 ft. of grade for the storage 
tanks holding the cyanide solutions, wash and alkaline waters, 
but these are differently placed, and a lack of further grade 
would present no difficulties, as will be explained later on. 

Fig I (Plate I.), showing a section of the cyanide plant of 
the Princess works, illustrates such a mode of arrangement as is 
here described. 

Slimes. — The conglomerates on these fields, after stamping, 
contain a very large per cent, of slimes. Under slimes are 
understood the very fine particles of talcose and clayey material 
mixed with the very fine grains of quartz, iron oxides, and 
sulphides. If the whole of this fine material be allowed to collect 
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with the coarser grains, the percolation of fluids through the 
mass becomes impossible, and, therefore, mechanical means 
have to be adopted, aiming at a separation of the slimes from 
the coarser material. 

Two methods have been introduced on these fields, aiming 
at the eh'mination of the slimes. The one by direct filling is the 
system introduced by Mr. Henning Jennings, the well known 
mining engineer; and the other the intermediate filling zAo^ttd^ 
by Mr. Charles Butters and Captain Mein, the manager of the 
Robinson mine. 

I will take occasion to remark here that the appliances for 
the plant were materially changed by Mr. Charles Butters, who 
has done a great deal for the advancement of the metallurgical 
treatment of the ores on these fields, as he has introduced a 
great many practical details, all tending to lessen the cost of the 
process, and I consider it a very pleasant duty on my part to 
express my appreciation of his labours and of the good he has 
done by his work. 

The elimination of the slimes has an economic bearing on 
the gold mining industry of these fields, when it is considered 
that at least 30 per cent, of the Witwatersrand ores, after 
crushing, pass away into slime pits : therefore, at the present 
production of 250,000 tons of ore per month, 75,000 tons go 
into the slime pits. At the present rate of progress it is almost 
certain that the tonnage will increase to nearly double this 
amount, and that within three years the Witwatersrand will be 
producing 300,000 ounces of gold or one million sterling 
monthly. If we take the average value of the slimes all around 
at only 5 dwts. per ton, this represents nearly 20,000 ounces of 
gold which goes into the pits monthly. 

Up to the present no cheap method has been devised to 
deal with the slimes, so as to win the gold from them at a profit. 
The question of treating the slimes successfully is simply a me- 
chanical one, as there is no chemical difficulty in the way : on 
the contrary, the solution of the gold can be easily effected, 
owing to the fine state of division in which the gold exists in 
the slimes. 
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My impression is that the eventual solution of the problem 
will be a system of agitation in vats fitted with mechanical 
stirrers, and after agitation and settling the solution will be 
decanted and a weaker solution added again, again stirred and 
decanted, till the last wash waters will only show traces of 
gold. This method will become applicable owing to the 
introduction of the Siemens and Halske process, which effects 
the precipitation of the gold from the extreme weak solutions 
which will have to be used. A successful solution of this 
problem will add largely to the gold production of the 
fields. 

The Effect of Stamping on the Ore. — When ores are 
stamped in a battery, the resulting product is very uneven, and 
this is one of the recognised disadvantages of the batteries in 
use in all gold countries. 

The majority of the mines on these fields crush fine, using 
mostly screens of 900 mesh per square inch, and about 50 per 
cent, of the ore is converted into slimes. To illustrate the 
fineness to which stamping reduces the ore I may mention that 
Mr. Williams, the metallurgist of the Crown Reef mine, in- 
formed me that the slimes which flow into their pits do not settle 
in 24 hours, and that if the overflow is taken and allowed to 
settle, these second settlings will assay 6 dwts. per ton, being 
richer, therefore, than the first settlings. He further stated 
that after the water leaves the second slime pit it still holds in 
suspension 2 per cent, of the total gold contained in the ore as 
it comes from the mine. This is the result from careful experi- 
ments and trials. In regard to the difficulty of settling the 
fine slimes which remain in suspension, it was ascertained at 
the Paarl Central works, that the overflow from a large tailing 
dam carried 8 per cent, of the rock crushed in suspension. As 
the water on these fields does not run to waste, but is used 
over and over again in the batteries, there is really no loss 
incurred, as the suspended slimes eventually settle, the water 
only retaining a certain constant portion. 

To give a further illustration of the effects of stamping on 
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the Witwatersrand conglomerates, I will furnish some figures 
communicated to me by Mr. Bettel, a gentleman whose name 
has also been closely connected with the cyanide process. 

40 lbs. of tailings were caught at a battery in a tub, and at 
least 30 per cent, passed away as slimes, the ore coming 
through a 900 mesh screen. After drying, it was sifted through 
a screen of 1,600 mesh per square inch, and there remained on 
the sieve rS^ per cent, (i) 

It passed afterwards through three sieves as follows : 

3,600 mesh and there remained on the sieve 27*93 P^r cent. (2) 

7,225 „ „ „ „ 2074 „ (3) 

14400 » » " " 770 » (4) 

The sands passing the last sieve were panned, and 

A. Remaining in the dish represented . • 11 'So per cent. (5) 

B. Finest sand panned away ♦ . . 22*34 »> (^) 

C. Slimes collected from the panning water . 7-64 „ (7) 



Total . . loo-oo 

Each of these grades was assayed, v/ith the following results — 

I 3'03 dwts. per ton. 

2 4*oo „ 

3 4-40 M 

4 • . • • • . 4-65 ,, 

5 6-30 „ 

6 2-85 „ 

7 2-85 „ 

These figures are very instructive, as they show how very 
fine the ore is crushed in a battery, and that the material, after 
passing through a 120 mesh sieve per linear inch, can be 
concentrated, and will yield a concentrate of over double the 
value of the sands washed away. No doubt the practical part 
of these figures will be very soon appreciated on these fields 
when concentration will receive closer attention than it does at 
present. 

After this notice of the important part which the slimes 
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play in the metallurgy of the Rand gold fields, I will revert 
again to the planning of the works. 

The Plant. — The main features of a cyanide plant are the 
settling vats, the filter vats, the solution storage tanks, and the 
precipitation -boxes. 

The filter vats are made of timber, or they are brick vats 
lined with cement. At the Langlaagte Estate and Gold 
Mining Company, circular excavations were made in the 
rocky ground, lined with bricks and cemented, forming tanks 
40 ft. in diameter and 10 ft. deep, each holding 400 tons of 
tailings. 

Filter vats made of timber will last for years, as contact 
with cyanide solutions does not seem to destroy it. 

I have not been able to obtain the cost of a plant con- 
structed in masonry, but I should consider it more expen- 
sive than the timber plant. Where wooden tanks are in 
use they are placed in such a position that free access can be 
had to the bottoms in case of leakage, which is an advantage. 

The number of filtering vats required for a plant depends 
on the capacity of the battery, and the time it takes to treat a 
charge of ore. If we want to treat 100 tons of tailings daily, 
and it takes, say, 3 days to fill, leach, and discharge a vat, it 
will require 4 leaching vats of too tons capacity each (dimen- 
sions 22 ft. in diameter and 5 ft. high), but for safety one extra 
tank is added. The tendency on these fields is to construct a 
few large vats for the plant, instead of a large number of small 
ones. As long as shallow vats were employed, there was no 
difficulty in shovelling out the tailings over the sides ; but with 
deep vats the bottom discharge was introduced by Mr. Butters. 
Before the tailings go to the leaching tanks they have to be 
freed of their slimes, and I shall now describe the two methods 
adopted for this purpose. 

Intermediate Filling. Messrs. Butters and Mein's 
Distributors. — The first attempts at intermediate filling were 
made by running the battery tailings to the centre of a circular 
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vat, and allowing the overflow to take place at one point. This 
did not prove successful, because the sand piled up in a central 
conical heap, and the slimes settled in the deeper water around 
the sides of the tank. The next plan was to run the pulp into 
the vat through a series of stationary launders, delivering at 
several fixed points. This method improved the distribution, 
but the result was still unsatisfactory. Then, in order to give 
an uniform overflow at every point of the periphery of the vat, a 
circular trough was fixed round the top to collect the overflow 
and deliver it to a launder. 

Each of these alterations was a step in the light direction, 
but the system of settling could not be considered successful 
until after the introduction of an automatic revolving distri- 
butor. This appliance consists of a central casting, with a 
vertical spindle a revolving in a footstep bearing b, which 
casting carried a conical hopper e and a number of radial pipes 
c with bent ends, as shown in section in Figs. 2, 3 (Plate II.), 
and 4 and 5. 

The distributor is fixed on an iron column in the centre of 
the vat. The bends at the end of the pipes cause the appa- 
ratus to revolve by the reaction of the pulp as it leaves the 
pipes. Each pipe has a different length, in order to distribute 
over a number of concentric circles. This also has its faults, 
as it was found that the slimes collected in narrow rings be- 
tween the outlets of each pipe, giving lings of clean sand alter- 
nately with rings of slime. The difficulty was overcome by 
attaching flattened nozzles to the ends of the pipes, causing 
the pulp to spread over a wider area, and also by increasing 
the number of pipes. 

As is noticed by this plan, the arrangement is a hemi- 
spherical bowl from which radiate 8, 12, to 16 pieces of pipes 
of various length, which is set in motion by the centrifugal action 
of the discharging water, something similar to a garden 
sprinkler, only that it revolves slowly. The bowl is covered 
with a coarse screen so as to prevent chips or leaves to enter 
and choke the pipes. The diameter of the discharge pipes is 
ij to 2i in. 
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It is necessary to fill the vat with clean water before 
admitting the pulp. If this is not done, the water is prac- 
tically stationary, and a constant settlement of slimes takes 
place until the vat is full and the overflow begins, in which 
case the tailings in the lower part of the vat will always be 
more slimy than those in the upper part. For the same 
reason it is essential that the overflow be continuous until 
the vat is full of sand ; for if any stoppage takes place slime 
settlement in excess occurs, and a complete layer of slime 
is formed across the vat which prevents the overlying sand 
from draining dry. Therefore, when the battery is stopped, 
an equal quantity of water should be supplied to the vat. When 
the pulp is admitted into the tank previously filled with water, 
the light slime remains in suspension and overflows into the 
annular ring which surrounds the tank at the top, and from the 
discharge opening is carried by a launder to the slime-pit. 

When the vat is filled with tailings, the outlet pipe below 
the filter is opened and the water allowed to drain off, the 
draining taking about fifteen to twenty-four hours. When holes 
are dug down to the discharge doors, water again commences 
to flow from the outlet, consequently it is advantageous to dig 
these holes about six hours before the discharging. 

One very important matter is the proper size of vat to be 
used for a given tonnage crushed in the battery. It is, of 
course, desirable to catch as large a quantity of slimes with the 
sands in the tailings as is possible without rendering the pro- 
duct unleachable. When the vats are too small they carry 
away too much fine sand with the slime ; and if they are too 
large they catch too much slime, which settles in excess. The 
great difficulty to overcome yet with these intermediate vats 
is to get the last foot or two near the bottom properly drained, 
and if discharged and transferred to the leaching tanks in this 
wet condition, the excess of moisture dilutes the cyanide 
solution. 

To facilitate and hasten the leaching, various devices have 
been adopted. At the Princess works, where the ground is 
steep, the drainage pipe has been extended down to the reser- 
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voir, thereby causing a natural suction. At the Simmer and 
Jack works the drainage pipe is connected with a steam ex- 
haust acting like an ejector, so as to cause a vacuum below the 
filter, and thereby the rate of leaching is increased. At the 
Worcester works the vats catch from the crushed ore from 75 
to 80 per cent, of good leachable tailings, containing 12 per 
cent, moisture after draining eighteen to twenty-four hours. 

The following are the sizes of the intermediate vats erected 
at some of the works : — 

Meyer and Charlton Gold Mining Company, treating 1 20 
tons per day, has 4 vats, each 20 ft. in diameter and 8 foot 
staves. 

Pioneer Gold Mining Company, treating 70 tons daily, 
has 2 vats, each 20 ft. in diameter, and 14 foot staves. 

Worcester Gold Mining Company, treating 70 tons daily, 
has 2 vats, each 20 ft. in diameter, and 8 foot staves. 

Princess Gold Mining Company, treating 85 tons daily, 
has 2 vats, each 20 ft. in diameter, and 7 foot staves. 

The Robinson Gold Mining Company, treating 330 tons 
per day, has 6 vats, each 24 ft. in diameter, and 11 foot 
staves. 

When all the pulp is running into i vat, only about 66 per 
cent, of the crushed ore is caught, but the whole of this is 
clean sand and drains sufficiently. If, however, the total pulp 
from the battery was run into 2 vats, about 80 per cent, of the 
crushed ore, instead of 66 per cent., would be obtained from 
the distributing tank. After the water has been leached out, 
the ore is discharged through bottom discharges into trucks 
and taken to the leaching tanks. In some localities the dis- 
tributing tanks are on a higher level than the leaching tanks, 
and the trucks are then run by gravitation to the leaching 
tanks. At some works the distributing tanks are at lower level 
than the leaching tanks, and then the trucks have to be hauled 
up by steam power. 

The framework of the tram lines on which the trucks are 
hauled up to the leaching tanks rests inside the tanks and on 
the masonry foundation, and at large works there is generally a 
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ilouble line of rails on top of the tanks. The vats and storage 
tanks are in the open, and not covered by a building. 

The following are the advantages of intermediate filling, as 
introduced by Mr. Charles Butters * : — 

1. It is claimed that, by means of Mr. Butters' distributor, 
from 75 to 80 per cent, of sands, both coarse and fine, with 
some slimes, are collected in the intermediate tanks, the bulk of 
the slimes escaping with the effluent water, which is practically 
free from sands. 

2. The water is drained off as near as possible, and when 
the intermediate vat is discharged through the bottom dis- 
charges, the sands during the operation get thoroughly mixed 
up, thus being in the best condition for treatment by cyanide. 

3. Oxidation of pyrites is very slight, so that very little 
cyanide will be consumed. 

To an impartial observer it would appear that the system 
of intermediate filling would commend itself as the one which 
is more practical, as the tailings undergo, so to say, a special 
preparation for the subsequent lixiviation. The expense of 
transferring the tailings from the intermediate tank to the 
leaching tank is so slight that it cannot be considered as an 
important item. 

The cost of charging tailings and discharging the residues 
has been brought down at the Robinson Mine to lod. per ton 
of 2,000 lbs., and generally stands in the accounts of other 
works at about is. 

Messrs. Butters & Mein's Distributors are constructed in 
three sizes according to the following particulars : — 

Size A Distributor has 8 distributing pipes, all of li in. 
diameter, and is the size of distributor used on batteries up to 
30 stamps. 

* The position held by this gentleman in the Witwatersrand gold fields 
is so influential, that the accompanying portrait will be of great interest to 
many readers of this book ; and I have great pleasure in inserting it here, if 
only to emphasise my sense of the acknowledgment due to Mr. Butters in 
regard to the information and assistance so freely afforded to me when 
collecting materials for this volume. — M. E. 




Mr. Charles Butters. 
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Size B has 12 distributing pipes — 6 of 2 in. diameter, 
2 of li in. diameter, and 4 of ij in. diameter — and is 
the size of distributor used on batteries of from 30 to 70 
stamps. 

Size C has 16 distributing pipes — 2 of 2^^ in. diameter, and 
14 of 2 in. diameter — and is the size of distributor used on 
batteries of from 60 to 1 20 stamps. 

The above sizes of distributors have been calculated on the 
average crushings per stamp for the Rand. 

Direct Filling. — ^This method, introduced at the works of 
the Heriot, City and Suburban, Crown Reef, Paarl Central, and 
Geldenhuis Estate companies, consists in passing the pulp as 
it leaves the plates into a hydraulic separator ^ a kind of crude 
spitzlutte. The pulp is here divided into two streams, one 
overflowing, carrying slimes with very fine sands; the other, 
consisting of coarse sands, some fine sands and slimes, which 
are conveyed by means of an india-rubber hose to the leaching 
tanks, in which one or more Kaffirs are employed to effect 
the even distribution of the pulp, by moving the hose about to 
different parts of the vat The water passes off by adjustable 
gates fitted inside the vats, carrying with it fine sands, slimes, 
and some coarse sands. The advantages of the process 
are: — 

1. This method treats pyritic tailings with the minimum of 
oxidation, as they are not exposed to the action of the air from 
the time they leave the battery. 

2. A second handling of the tailings before treatment is 
avoided. 

3. A preliminary rough concentration, or rather classifica- 
tion of the coarser particles of the tailings is effected. 

There is at present a great controversy going on regarding 
the advantages of direct filling as against intermediate filling, 
and according to Mr. Bettel the disadvantages of the process 
are: — 

" I. The tailings pack tightly in the vat, and consequently 
do not drain completely, and a diffusion of the first cyanide 
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solution which is applied takes place at the commencement of 
leaching, causing loss of cyanide and gold. At the Crown 
Reef works I noticed that the distribution seemed to be pretty 
regular, and drainage can be assisted by means of exhaust 
pumps. 

" 2. The distribution of the sands and slimes is not so even, 
and some sands escape treatment, being protected by imper- 
vious layers of slime, the cyanide naturally escaping by the 
paths of least resistance. In leaching tanks where an uneven 
distribution of slimes and sands takes place, the slimy portion 
will not drain off; and on discharging such a tank, it is easily 
noticed that the streaks of slime are saturated with moisture 
and are still gold bearing, whereas the sandy portion has the 
solution drained oflF. The importance of an even distribution 
and mixture of the pulp can hardly be estimated. 

** 3. At most of the works where direct filling is introduced, 
square cement tanks are employed, and the discharging of 
these is not so practical as the wooden ones fitted with bottom 
discharges." 

In Plate III. (Fig. 6), the tailing wheel, vanner room, and 
cyanide vats at Jumpers* mine are shown in section. 

The Filter or Leaching Tanks. — These are, in most 
instances, made circular, that form being the strongest They 
are from 20 to 42 ft. in diameter, and from 3 to 14 ft. in 
height, and should be constructed of well-seasoned lumber, 
with staves 3 to 4 in. thick, having their inner and outer faces 
cut to correspond to the arc of circle of the tank, and their 
edges radial to this circle (Fig. 7). The staves are not 
tongued or grooved, the pressure of the hoops being sufficient, 
if the tank is well made, to make them perfectly tight. 
The staves should be at least i ft. longer than the inside 
depth of the tank, and gained from li in. into the bottom 
timbers, with a chime of several inches. 

The bottoms are made of 3 by 9 in. deals, tongued and 
grooved (Fig. 8), and put together with white lead, or litharge 
and glycerine. The hoops should be made by wrought iron 
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rods from J to ij in. in diameter, according to the size 
of the tank, with threaded ends passing through wrought iron 
lugs and tightened by hexagonal nuts. When the tanks are 
of large diameter these hoops are made in sections. The out- 
side of the tanks can be painted in lead paint. 

The bottoms of the vats rest on wooden beams 6 by 9 in., 
placed 18 in. apart. These beams are placed across the stone 







* 



Fig. 7.— Staves cut to Circle. 



foundation, and rest in their turn on planks i^- by 11 in. 
The planks are put between the stone foundation and the 
beams to merely ensure a perfectly level surface. 

The construction of these vats should not be entrusted to 
the hands of any other workmen than experienced coopers. 

It is obvious that tanks holding such enormous weights 
should rest on good foundations, and in every case where 
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wooden foundations have been used the result has been that 
the tanks settled, got out of plumb, and leakages occurred. 

The filters are constructed of wooden slats, ij by 4 in., 
set 12 in. apart, fastened to the bottom by wooden pins. 
Grooves f in. deep and 3 in. wide are cut in a number of 
places in the bottom of these slats to allow a free passage of the 
solution along the bottom. On top of these slats are laid strips 





Fig. 8.— Construction of Filter Vats. 



of wood I by I in., only i in. apart from each other, making 
openings i in. square. Between the ends of this wooden grat- 
ing and the inside of the tank an annular space of about ijin. 
wide is left, which is partly filled by a strip of wood i in. thick, 
bent to the circle of the tank. Over this and the slats is 
placed cocoa-nut matting and burlap, and held by a rope i in. 
in diameter, which is driven into the space remaining between 
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the strips of wood and the staves of the tank. On top of the 
matting are laid again slats of wood i by 3 in., parallel one 
to the other, about 6 in. apart, their object being to protect the 
matting from being injured when shovelling the tailings through 
the man-holes into the trucks below. 

The stone foundations are usually 6 ft. 6 in. high above the 
level of the rails, and are composed of a series of walls closed 
at their ends, leaving one or two passages underneath for the 
trucks (Fig. 9). 

Each leaching vat has a separate drain pipe, i to 2 in. 
in diameter, and these pipes are so arranged in the extractor 
house, as to lead the strong solution to the strong extractor box 
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Fig. 10.— Solution Pipes. 



and the weak solution to the weak extractor box. In some works 
there is one main collecting drain pipe for strong solution and 
one for weak solution, and the connections are shown in 
Fig. 10. By shutting the valve, a, leading to strong collecting 
pipe, and opening valve, b, leading to weak collecting pipe, 
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the flow is regulated* Filtration is best assisted by causing a 
vacuum under the filter bed ; by connecting the drain pipe with 
a steam pipe and passing a jet of steam through the same, a 
vacuum is created under the filter bed. 

I should also mention that the best and cheapest method of 
discharging the tailings from the leaching vats is to sluice them 
out from a side door, but for this purpose a stream of running 
water is required, which on these fields is not available. 

Mr. Feldtmann * describes a system of discharging tailings 
from the leaching vats through a bottom discharge door into a 
launder, whence a copious stream of water carries the resi- 
dues into the creek below. 

The discharge doors can also be made on the side of the 
vat when the residues are to be sluiced out. 

The round wooden filter vats on these fields are discharged 
by bottom discharge doors, which are closed by means of 
Butters* discharge lids. According to the size of the vats, there 
are two, four, six, or eight of these discharge openings to each 
vat. 

Figs. II, 12 show the arrangement. On the bottom side oC 
the tank a cast-iron ring, a, is bolted to the cast-iron cylinder, b, 
inside the tank. Inside the cylinder is the projecting lug, c, 
upon which rests the hanger, d, which forms part of the 
screw, E ; the cast-iron cover, when placed in position, is simply 
fastened by the nut, g, and, screwing the same firmly, the whole 
arrangement becomes water-tight. The faces of the ring and 
the cover should be planed, so as to make a good joint. There 
are other methods of closing the discharge openings. When a 
tank is to be filled, a clay luting is given inside the iron cylinder, 
and then the same is rammed full with tailings. When filling 
the tank with tailings, especially into deep vats, a length of 
3 to 4 ft. pipe is put over the discharge holes, and then the 
tailings are dumped in. It will be easily understood that in 
discharging a deep tank it facilitates the running of the tailings 
into an outlet if the same is within a few feet of the surface, 

* "Notes on Gold Extraction." Argus Printing and Publishing Co., 
Johannesburg, 1894. 
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instead of having to push them down 13 or 14 ft. by means of 
long poles. 

The cocks and valves should be of iron. 





Fios. II, 12.— Butters* Discharge Lid (scale i im. =■ i ft.). 

Pumps. — Several varieties of pumps are used to raise the 
solution from the sumps to the lixiviation tanks, and to provide 
circulation if needed. Centrifugal pumps are mostly used on 
these fields. 



Stock Solution Tanks. — There are generally three solu- 
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tion tanks at each plant, built very much the same as the 
leaching tanks, with the exception that they have no filters, 
man-holes, &c. They are of different capacity, according to 
the size of the works, and are required to be of sufficient 
dimensions to store enough solution to keep the works going, 
without having to run any to waste. 

Inside the tanks are gauges indicating the volume of solu- 
tion. The stock solution tanks are usually 20 ft. in diameter, 
and from 7 to 14 ft. in height. One is for strong, one for weak 
solution, and one for alkaline wash. Every foot in height in a 
2o-ft. tank represents 10 tons of solution of 2,000 lbs. per ton. 

To calculate the cubic contents of a circular tank, the fol- 
lowing formula is employed. Multiply the square of the radius 
10') with 3-14, and the product by the height of tank (6 ft). 

10* X 3"i4 X 6= 1884 cubic feet. 

I cubic foot of water weighs 62-3 lbs. Therefore, 

1884 X 62*3 = 1 17573 : 2000 = 5878 tons of water. 

If we desire to prepare a 0*3 per cent, stock solution, 

^^-— — =z 35271 lbs. of cyanide will have to be 

dissolved in it, making allowance for any impurity in the 

cyanide. After treatment we find that the solution analyses 

only o-i6 per cent. Consequently, by multiplying 

H7S73*2 X o'i6 

— = i88-ii lbs. is left in the solution : and 

100 

to make the same up to 0*3 per cent., another 164-61 lbs. of 

cyanide will have to be added. 

Zinc Precipitation Boxes. — These are made of i to 2 in. 
boards, and are oblong boxes of various dimensions, which have 
to be in proportion to the quantity of solution which passes 
through them. In large works, the boxes are 20 ft. or more 
in length, 3 ft. high, and 3 to 4 ft. wide. There are separate 
boxes for the strong and for the weak solutions to pass through. 
At most works there are four of these boxes, placed in what 
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is called the extractor-house, which 
also contabs the machinery, pumps, 
furnaces, &c. 

The predpitation-box is divided 
into several compartments by parti- 
tions and baffle boards, in such a way 
that the solution is forced to flow 
upward through the zinc shavings, 
which are held in trays several inches 
above the bottom of the troughs. 
Fig. 13 shows the construction of the 
troughs. 

The first division has not got any 
zinc shavings in the same, as here 
the solution enters, and any sediment 
or fine slime which may have passed 
through the filter settles here. If any 
intermediary settling tanks are used, 
as at the Worcester works, this first 
compartment can be utilised also to 
hold zinc shavings. From the first 
compartment the solution flows over 
the partition, and then down the 
space, and upward through the tray 
holding the zinc shavings. The baffle- 
board is held in place in the position 
shown in the drawing by being nailed 
fast to the sides, and reaches a few 
inches above the level of the solution. 
From this explanation it becomes 
clear that the solution has to pass its 
downward and upward course till the 
last partition is reached, and from 
here passes through a pipe to the col- 
lecting sump or tank. 

The zinc box compartments are 
fitted with removable trays, made of 
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wooden frames supporting wire screen of i-in. mesh. The 
gold in the solution settles on the zinc as a brown coating, 
and which soon, as it accumulates in a finely powdered state, 
falls through the screens to the bottom of the trough. In the 
last partition of each box there is no zinc, but the tray here is 
utilised to hold cyanide of potassium in lumps to make up its 
standard strength before pumping the same into the storage 
tanks. 

Over the zinc there is placed a light wooden grating, and 
the whole trough can be covered by a strong wire netting to 
secure against theft, as the same can be kept under lock and 
key. 

At some works a wooden launder, covered with a lid and 
also under lock and key, is attached longitudinally to the box, 
and from each compartment in the trough when a clean up is 
made, a plug is withdrawn and the slimes which have accumu- 
lated in the bottom are washed through the launder on to a 
filter and collected. In most works, the clean-up is made 
diflferently, as described later on. The zinc trays rest on cleats, 
several inches above the bottom, and have handles on the sides 
so that they can be easily lifted out when cleaning up. After 
passing through the precipitation-boxes the solution is pumped 
back to the storage tanks, and is used continuously and not run 
to waste. The dissolved zinc does not accumulate in the stock 
solution to a great degree, and is probably precipitated in the 
lixiviation tanks with the charges of fresh ore. 



CHAPTER II. 

EXTRACTION BY CYANIDE. 

Synopsis of the Process. — On the Witwatersrand gold 
fields, the cyanide process has been mainly adapted to the 
re-treatment of the tailings. As the largest proportion — and 
amongst it the coarser particles of gold — ^have been extracted by 
previous plate amalgamation, the precious metal in the tailings 
is in a very fine state of division, and therefore amenable to 
cyanide treatment. It must be here remarked that the coarser 
the gold, the longer it takes to dissolve it ; and it is recom- 
mendable, therefore, that all ores should be first submitted to 
plate amalgamation before submitting them to the cyanide 
treatment. 

When the first cyanide works were erected on these fields, 
the old accumulated stocks of tailings had to be dealt with. 
Owing to their long exposure to the atmosphere, changes had 
taken place in their chemical composition, which caused at 
the onset some difficulties, but these were soon overcome on 
the application of the proper remedies. The ores which came 
firom the upper levels, or the oxidized zone, always carry a 
small proportion of iron pyrite, which, on exposure, becomes 
oxidized. It is only when free milling ore tailings are taken 
directly from the battery to the cyanide works that they do not 



24 EXTRACTION BY CYANIDE. 

contain any decomposition products and are in a proper condi- 
tion for cyanide treatment. 

The course of the treatment in its successive stages may be 
thus summarised : — 

Firsi Stage. — Passing an Alkaline Solution or caustic wash 
through the ore to the point of saturation, as the tailings always 
contain a certain amount of organic matter, acid salts, &c. 
By running on this alkaline solution, a considerable saving is 
effected in the consumption of cyanide of potassium, and the 
tailings get the advantage afterwards of the full strength of the 
strong solution. Strength of this first alkaline solution may 
be 0*15 per cent. KCy., and may contain 4 ozs. of caustic 
soda per ton of solution. Caustic soda dissolves out organic 
matter. Excess of lime destroys cyanide. 

Second Stage, — The Strong Cyanide Solution, — ^This solution 
varies in strength from 0*3 to 0*5 per cent, in KCy. to suit the 
richness and nature of the tailings under treatment, and the pro- 
portion of solution to be run on should not be less than one- 
third the weight of tailings in the vats. When this solution is 
run on, though the first solution has drained out, the tailings 
still contain a considerable quantity of the former solution. 
This should be displaced by allowing the second solution, or 
strong solution, to drain down immediately the vats are filled 
with the strong solution, for say about two hours (according to 
the capacity of vats and nature of tailings), and when this has 
been displaced, sufficient strong solution should be run on to 
make up the required proportional amount. 

The vat is now full of strong solution, which, in some cases, 
may be leached out immediately, though generally it is 
advisable to leave it in contact with the mass for a short period 
— say, three hours — to give the solution time to penetrate any 
lumps. 

When this solution is leached out, or only a very small 
stream is coming away, it should be allowed to continue 
draining about four hours longer. During these last four hours 
air is takiiig the place of the solution, and the gold is in con- 
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tact with a strong solution of KCy., in presence of oxygen, 
which produces a more rapid and effectual dissolving of the 
gold. 

For proof: Take two watch glasses, fill both with cyanide 
solution of the same strength. In one, place a piece of gold 
leaf on the surface of the solution, while in the other immerse 
the gold under the solution. The gold leaf on the surface 
in presence with air disappears rapidly and is completely 
destroyed, whilst the other dissolves very slowly. 

Third Stage, — The Weak Solution. — After the strong solution 
has been run on, we may safely assume that most of the gold 
is now in solution, and the object of the third operation is to 
wash out the dissolved gold. Therefore, after the strong solu- 
tion has been drained out, sufficient weak solution containing 
0*15 per Cent. KCy. is run on till the total quantity of 
solution and washes represent 75 to 80 percent, of the weight 
of the ore. 

Fourth Stage,— T/ie Water Wash,—Mi&[ the weak solution, 
water wash is applied, and the quantity so applied is not to be 
less than 7 per cent, of the weight of the ore, and, indeed, more 
is necessary. 

The Precipitation. — The cyanide solutions containing 
gold, as they flow from the leaching vats, are passed through 
one or more precipitation boxes. On the ,zinc_shavingSL the^ 
gold is precipitated, and the quantity of solution flowing 
through each box must be properly regulated. The only 
satisfactory method of knowing if proper precipitation is 
taking place is by having the solution regularly assayed. This 
is an important . point, as good results cannot be obtained 
if the solutions leaving the precipitation boxes are rich in 
gold. 

It is essential for the man on the shift to know the strength 
of the solution at the different stages of leaching : first, that he 
may know into which one of the precipitation boxes the solu- 
tion is to be passed ; and then he must ascertain the strength of 
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the solution leaving the predpitation-boxes, in order to let them 
flow into their respective storage tanks. 

The gold in solution increases and decreases in quantity 
much in the same way and same time as the cyanide in solution 
increases or decreases. In the precipitation of the gold in the 
boxes, it is important to keep a sufficient stock of zinc shavings 
in each compartment, and so to regulate the flow of solutions 
as not to incur danger of fine gold precipitate being carried 
away. The zinc shavings are prepared by turning down zinc 
discs on a lathe. The discs for this purpose may be cut out of 
No. 15 gauge metal, and may measure from 6 to 12 in. in dia- 
meter, a hole being punched in the centre for the mandril. It 
is usual to put bundles of twenty such discs on a mandril. The 
speed of the lathe may be anywhere from 150 to 350 revolutions 
per minute, and the shavings are turned off by hand with an 
ordinary carpenters' mortice chisel. 

Precipitation of the gold varies somewhat with different 
classes of ore treated. The completeness of the precipitation 
appears to depend in a measure on a slight excess of cyanide 
of potassium being present in the solutions. Roughly speaking, 
it may be said that if solutions leaving the zinc boxes assay 
more than 2 dwts. per ton, the precipitation is not as it should 
be. This may be owing to the paucity of zinc in the boxes, 
which should be instantly rectified ; or to too great a speed in 
the flow of the solution ; or, in very exceptional cases, to insuffi- 
cient cyanide in the solutions. 

In the case of some Lydenburg cupriferous ores, it was 
found that, by making the solutions up to working strength 
before passing them through the zinc boxes, the result was 
that solutions which had before assayed several ounces were 
reduced to a few dwts. per ton.* 

The zinc shavings in the boxes may require replenishing 
every day to replace the amount consumed, or they may run a 
week at a time without requiring replenishing. 

Having, by passage of the solutions through the zinc 
shavings, reconverted the gold into the metallic form, the 

* According to Mr. Feldtmann. 
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process of collecting the metal and putting it into ingots will 
be another stage of operations, and this will be described 
presently under the clean-up. 

The exposure of the solution to the zinc after the gold is 
precipitated can only result in a loss of zinc, and — what is of 
much greater importance — ^unnecessary decomposition and loss 
of cyanide. 

The precipitation boxes are set at a slight grade, as shown 
in the plan. Mr. Philip Argall, M.R.I.A., says that no iron 
or metal, other than zinc, should be exposed to the solutions in 
boxes ; even the iron wire screens, used to support the filiform 
zinc, have been shown to cause an unnecessary consumption of 
zinc and cyanide, through the electro- chemical action induced 
between the metals. 

Conditions which Influence Precipitation. — Mr. W. 
Bettel states that in the precipitation of various metals from 
cyanide solutions by zinc, the precipitation is influenced by the 
following conditions : — 

(a) Diff*erent strengths of solvents. 

(b) Impurities in solutions (which may be derived from 
ores) affecting precipitation. 

{c) Influence of rate of flow of solution through extractors, 
— past a given area of zinc — in gallons per minute. 

(d) Amount of gold in solution to be precipitated, and 
maximum precipitation from solutions of various richness. 

(e) Eff'ect of alkalinity, acidity, or neutrality of liquors on rate 
and percentage of precipitation of metals from cyanide solutions. 

(/) Influence on the rate of precipitation of gold of such 
inert substances as carbonate of lime, clay, oxide of zinc, and 
coating of zinc, &c. 

(§) Other physical conditions of zinc, aff'ecting precipitation 
of metals from cyanide solution. 

Time taken by Treatment on Clean Tailings. — The 
method of treatment described below has been adopted at the 
Rand Central Ore Reduction Company's works, the figures 
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having been kindly supplied to me by the working chemist, 
Mr. Blomfield :— 

1st. Alkaline Wash, 

Filling with 0'i6 per cent. KCy. + 4 oz. 

Caustic soda per ton solution . . time 2 hours. 
Leaching »» 3 »» 

2nd. Strong Solution, 

Filling with 0*35 KCy. solution and contact . ,, 5 ,, 

Leaching *, . . „ 8 ,, 

Leaching dry „ 4 ,, 

3rd. Weak Solution, 

4 washes at I hour each m 4 n 

4 leachings at 4 hours each . . . ,, 16 ,, 

4th. Water Wash, 

Filling „ I „ 

Leaching ,, 7 „ 

Total time 50 hours. 

This treatment was applied to 7^ dwts. tailings, residues being 
from 15 grs. to i dwt. per ton; J lb. of cyanide being the 
consumption per ton of ore. 

On these fields it has been found that 12 to 24 hours' 
contact with the strong solution is sufficient to effect a solu- 
tion of the gold in the tailings. The subsequent treatment 
with weak solutions has the object to displace the gold solution 
and to wash out the already dissolved gold. The displacing 
of the weak solution by a final water wash tends to reduce the 
loss of dissolved gold to a minimum, as it displaces the weak 
gold solution, and the gold which is left in the tailings is gene- 
rally that still retained in the coarser quartz particles, from 
which it has not been liberated by stamping, and whatever 
gold has remained undissolved in the iron pyrites. 

The time of treatment of each vat varies, and takes from 50 
to 140 hours, according to circumstances, and the size of the 
tanks employed. 

The Clean*up. — In making the clean-up, the tray holding 
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the zinc shavings is lifted out from the last compartment, and 
pulsated up and down in the solution, so that the fine particles 
of slime and zinc fall through the sieve and settle in the bottom 
of the box. Before starting this operation, it is advisable to 
run into the box a sufficient amount of clean water to remove 
the cyanide solution, as the latter is injurious to the workmen. 
The Kaffirs, however, put their arms and hands into it without 
being affected. The zinc shavings are taken out of the tray, 
which is placed on a rack above the box, so as to allow 
solution to drain back into the box. They are also rubbed in 
the water, to remove, as much as possible, all gold adhering to 
them. 

The tray is turned over and brushed down so as to remove 
any gold adhering to it. The zinc shavings get very hot on 
account of oxidation, and it will be noticed that steam arises from 
them. They should be exposed, therefore, as little as possible 
to the air. The solution of water in the zinc boxes is pumped 
into settling tanks, where it is allowed to stand for two weeks, 
so as to give the extremely fine particles of gold which are 
held in suspension time to settle. In pumping out the pre- 
cipitation boxes, great care should be taken not to disturb the 
gold zinc slimes in the bottom. With this aim, the water is 
pumped out to within 2 in. of the slimes, and the india- 
rubber suction hose moved into the second compartment, and 
so on. 

The slimes are then pushed back with a scoop to one 
comer, and the supemated liquor allowed to stand for a while 
and pumped away again into the settling tanks. The slimes are 
now scooped into enamelled iron buckets and discharged on 
to a fine sieve — say 900 mesh — and washed and rubbed into the 
gold clean-up tank. 

After the water is settled in the clean-up tank it is syphoned 
or pumped off, and the precipitate (called gold slimes) is drawn 
off through the plug holes on to a calico or linen filter, or into 
a filter press. 

The zinc shavings, some of which will be found to have 
quite a brown coating of gold, which cannot be removed even 
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by rubbing, are again returned to the precipitation-boxes, and 
fresh zinc put on top. The gold which sticks to the zinc will 
be recovered in the next clean-up. After the gold slimes are 
sufficiently dry to be handled with a scoop, they are dried on 
an iron plate or on iron pots, and are then ready for roasting 
and smelting. 

The object of the roasting is to oxidize the greater portion 
of the zinc which, in the form of small chips and shavings, has 
fallen through the zinc box trays, so as to cause it to combine in 
the subsequent smelting with the fluxes and leave the bullion 
fairly fine. Oxidation by the aid of atmospheric air is suffi- 
cient, but a certain amount of the zinc oxide subsequently 
becomes reduced by the carbon of the plumbago melting pots, 
and re-enters the bullion. 

A good method of roasting has been found to be the addi- 
tion of a little nitre, say about 3 to lo per cent, to the precipi- 
tate. Mr. Feldtmann suggests that it is best applied as a 
strong solution before drying the precipitate, so that it gets 
equally mixed with the whole mass. In the subsequent roasting, 
the nitre not only assists by yielding up oxygen to the zinc, but 
to some extent also appears to flux the zinc oxide, forming 
zincate of potash, which is not so readily reduced as zinc 
oxide. Where the precipitate is very sandy — owing to tailings 
coming through the filters — nitre roasting is not so successful, 
as it tends to cake. By the addition of nitre the tendency of 
the precipitate to dust on stirring up in the roasting furnace is 
minimised, the amount of flux required in smelting is reduced, 
and the resulting bullion is better. 

In roasting the precipitate care should be taken not to raise 
the temperature much above a dull red heat (to avoid partially 
fusing it to a pasty mass), and not to stir too violently, especially 
just at the commencement of the roast, or dusting and con- 
sequent loss is the result. 

Mr. Butters, at the Rand Central works, has a muffle-roasting 
furnace in which to dry and roast the slimes. The bottom of 
the furnace consists of a cast-iron pan, and the wet slimes are 
charged on to this pan, and, when dry, a damper is closed. 
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which turns the flame through an opening in the fire-bridge, 
under the iron pan, and the slimes are carefully stirred to avoid 
dusting, and as much of the zinc as possible is driven off 
during the roasting. 

The clean-up is generally made once a month. 

Smelting of the Slimes. — The dried precipitate is now 
ready for the smelting process, and graphite crucibles are 
employed for the operation. The fluxes commonly used are 
bi-carbonate of soda, borax, and sand. 

Examples of various fusing mixtures are given below, but 
it should be well understood that any one of the fluxes may 
have to be increased or decreased according to the amount of 
impurities present : — 

3. Very sandy • 
Precipitate. 
30 lbs. 
20 „ 
10 .. 



Precipitate and fluxes are well mixed and charged into the 
plumbago crucibles. The smelting furnaces, which may be 
constructed to take two or three pots at a time, should be good 
ones, as the heat required for this first fusion is rather in excess 
of the ordinary gold melting temperature. After the charges 
in the pots are run down, more of the mixture may be added 
from time to time — the whole of a charge, as given above, will 
go into two No. 35 crucibles — and everything being fused 
until perfectly liquid, the contents of the pots are poured into 
moulds. Conical-shaped moulds are the best suited for this 
work. The metal settles to the bottom, and, after cooling, 
may be turned out and freed from the slag by breaking off 
the latter with a hammer. The slags, which contain a large 
percentage of silicate of zinc and soda, corrode the pots, and 
during smelting there is a heavy evolution of fumes of zinc 
* According to Mr. Feldtmann*s formula. 



Precipitate 
Bi-carbonate soda 


X. Clean 

Precipitate. 

30 lbs. 

15 » 


2. Very xtncy 
Precipitate. 

30 lbs. 
15 », 


Borax 


8 „ 


12 „ 


Sand . 


5 M 


5 » 


Fluor spar 


— 


— 
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oxide, causing, most likely, losses of gold. At the Robinson 
Mine condensing flues connect the furnaces with the chimney. 

The several pieces of bullion thus obtained at one clean-up, 
are, consequently, remelted with borax and run together into 
one ingot. This remelting should be done at as low a tem- 
perature as possible, so that the metal may solidify almost as 
soon as it is in the mould, otherwise liquation results, and it 
becomes exceedingly difficult to obtain anything like a repre- 
sentative sample of the bullion for assay. The slags, which 
generally contain a considerable amount of gold in beads, are 
crushed up and panned, or cradled, to obtain the metal. 

The slags from this operation are difficult to re-smelt, which 
may be owing to the presence of carbon contained in the zinc. 
At the Rand Central ore reduction works, Mr. Butters is 
erecting a small matting furnace, where he intends to smelt 
the slags with copper ore concentrates and collect the gold in 
a matte. 

The fineness of the bullion resulting from the cyanide pro- 
cess ranges from 600 to 800. 

Besides gold, silver, and zinc, there is some lead in the 
ingots, as the zinc employed contains a certain per cent, of 
this metal, and also carbon, which also is found in the ingots. 

The zinc supplied by the Vieille Montague Company is the 
best and purest for the purposes of the process. 

The Treatment of Acid Ores or Tailings. — Under acid 
tailings are understood those tailings which contain the decom- 
position products of the iron pyrites. These products consist 
chiefly of free sulphuric acid and soluble metallic salts, such as 
proto-sulphate or per-sulphate of iron, or insoluble basic iron 
salts. All these substances are destructive to cyanide, forming 
with it compounds useless in the extraction of gold. The 
reactions which take place, when these salts are in the tailings, 
will be found explained in a subsequent chapter (Chapter IV.) 
on the chemistry of the process. 

The ores on these fields at a comparatively shallow depth 
become very pyritic, but outside of iron pyrites the main reef 
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series carries no other sulphur combinations, or^ at least, in 
such small proportions, as to have no practical importance. 

The treatment of acid tailings on these fields oflFers more 
difficulty than in the case of the "free ore tailings.'' The 
oxidation products of the pyrites have to be neutralized by the 
addition of alkalies or alkaline earths — either caustic soda or 
lime — with or without a preliminary water washing, to remove 
such soluble salts or " cyanicides " as may be present. 

Caustic lime, in a powdered form, is generally added now 
on these fields. With very acid tailings — namely, pyritic 
tailings — ^which have been exposed for some time to the oxi- 
dizing influence of the atmosphere, as much as 2 J lbs. per ton 
is added. With fresh tailings i lb. of lime per ton of tailings 
is sufficient. In some works the requisite quantity of lime is 
added to each car load of tailings as the same is hauled up to 
the leaching tanks. In other works 6 or 10 tons of tailings 
are dumped into the leaching tank, and the same levelled off 
and the lime sprinkled over it. The practice of putting all 
the lime on top of the tailings after the vat is filled, cannot be 
recommended : the lime forms a pasty mass, and the alka- 
linity does not penetrate through the total height of the ore, 
so that in deep tanks it will be found that the top layer, say for 
one-third of the height of the ore, will be neutralized, whereas 
two-thirds nearer the bottom will remain acid. The length of 
treatment varies, and later on in this volume (Chapter III.) I 
am giving the modus operandi of the process at some of the 
principal works on the Witwatersrand. 

Concentration and Treatment of Concentrates. — The 
question whether it pays to concentrate the tailings before send- 
ing them to the cyanide works has not yet been definitely settled 
on the Rand gold fields. Considering that during the short 
period of treatment which the tailings undergo, the gold can- 
not all be extracted from the pyritic particles, it seems rational 
that a separation of the pyritic matter should be effected, and 
the concentrates treated separately. 

The only mines where concentration previous to cyaniding 
D 
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has been carried out for any length of time are the Crown Reef 
and the Langlaagte Estate and Langlaagte Block B. Mines, 
where the concentrates are treated separately with cyanide. At 
these mines I am informed that it pays to follow this method. 

Mr. Williams, of the Crown Reef, collects his concentrates 
by a crude^system of classification, which costs him lod. per ton 
of concentrates, whereas at the Langlaagte Estate Frue vanners 
are employed. The manager there informs me that the cost of 
cyaniding the concentrates amounts to only 17s. per ton. 

I believe that when the question has been thoroughly 
studied it will be found that a system of proper concentration 
before cyaniding will pay. Up to the present there is not a 
single mine on the Rand equipped with a proper concentrating 
plant, as such ores as exist there have to be classified before 
an attempt can be made to concentrate them. At the Lang- 
laagte Estate, where 22,000 tons of ore are crushed monthly, 
they get on an average 350 tons of concentrates, or about 
li per cent. ; this quantity could be easily doubled by the appli- 
cation of a proper plant. Most mills have Frue vanners, but 
this excellent machine cannot do the work alone on these ores. 
I may mention that Mr. Rademacher, engineer of the Hum- 
boldt works at Cologne, is now engaged at the Langlaagte 
Block B upon experiments with the view of concentrating the 
pyrites out of the slimy particles of ore. The results there will 
throw considerable light on the subject, and prove if I am right. 

High extraction by cyanide can be obtained from concen- 
trates, only the process does not seem to act ahke everywhere 
on the concentrates, and possibly the physical nature of the 
pyrites is not alike in every mine. In some cases it may 
become necessary to grind the pyrites, so as to liberate the 
gold, and make it more amenable to cyanide. It is stated 
that gold contained in pyrites is extracted more easily when 
the concentrates are inixed with sands. Clean concentrates, 
therefore, are more difficult to treat, as owing to their high 
specific gravity they " pack " and resist percolation. 

At the Crown Reef mine they collect by means of 3 spitz- 
lutten, about 600 tons of concentrates a month, out of 17,000 
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tons of ore. A i J-in. pipe leads the heavy sands and pyrites to 
settling tanks 30 ft. in diameter and 6 ft. high, which assay 23 
dwts. per ton. The main object of this rough concentration is to 
eliminate the coarse sands so as to submit them to a prolonged 
treatment with cyanide. The cost of this system of concen- 
tration is only ^£2^ per month — ^namely, the pumping of the 
water which is needed for the hydraulic classifier — ^as they are 
worked by an ascending stream of water. The concentrates, 
or rather the classified material, by being collected in wooden 
vats, is constantly under water and does not get oxidized. The 
material collected is not very coarse, as in the battery they use 
900-mesh screens. 

From the storage tanks the material is taken to the leach- 
ing tanks, and submitted to the action of the solutions for 16 
to 18 days. The strength of solutions employed is 0*25, o'l, 
and 0*05 per cent, respectively ; about i lb. of lime is added 
to each ton of concentrates. Strong solution is run on for 
4 days or more, till its strength remains constant. 

The residues from these concentrates assay i.J- dwts., giving 
an extraction of 94 per cent. The consumption of cyanide 
with these concentrates is about i J lbs. per ton. The weaker 
solutions are constantly circulated through the tanks till a high 
point of extraction is reached. The Witwatersrand ores carry 
from 3 to 4 per cent, of pyrites ; and I believe the time of 
treatment could be lessened by employing a somewhat stronger 
solution. 

At the Robinson mine 3 per cent of the total weight of 
the ore is caught on Frue vanners, as concentrates assaying 
4 to 5 oz. Extensive experiments have been made with 
cyanide, but the results were not satisfactory, and conse- 
quently the concentrates are treated at this mine by chlorina- 
tion, which costs ;£^ per ton. 

The tailings at the Robinson are elevated by means of a 
bucket-wheel, and passed through intermediate tanks, fitted 
with Butters and Mein's distributor ; there are six intermediate 
tanks, and 30 per cent of the ore goes into the slime pits. 

The tailings, which go to the cyanide works, assay 6i dwts. 
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The slimes assay 5^ dwts. ; and Captain Mein tells me that 
the residues, after cyanide treatment, assay only i dwt. This 
would mean a higher extraction than on any mine on the 
Rand. He finds that there is a discrepancy of i to 2 per cent, 
between the actual gold produced and that determined by 
assays. 

Adverse Conditions which affect the Cyanide Treat- 
ment.^ — I. The action of impurities and base metals in ores 
prevents solution of the gold and eflfects the decomposition of 
cyanide. This will require a complete study by analysis of the 
component parts of the ore. 

It is necessary to examine the condition of gold in residual 
tailings or concentrates from the cyanide treatment. 

(a) In this connection it has to be ascertained if a certain 
percentage of dissolved gold (the auro-potassic cyanide) has or 
has not been completely washed out. 

(3) Also if a certain per cent, of gold is still present in 
coarse particles capable of being amalgamated. 

(c) Also the percentage of gold encased in quartz, or 
pyrites, to which the solution has not had access. 

(d) Also the occurrence of gold in lumps of slime after 
treatment by cyanide ; the gold supposed to be precipitated 
by the action of iron salts producing a ferrous ferricyanide 
from auro-potassic cyanide and free cyanide, thus explaining 
some low extractions from weathered ore and concentrates. 

The presence of copper combinations is very detrimental 
to the success of the MacArthur-Forrest process. The ores of 
the Black Reef series, near Johannesburg, carry a small quan- 
tity of copper pyrites, and consequently the extraction of gold 
by cyanide does not give as good results as on the Main Reef 
series. 

In this connection it is important to mention here a point 

which the inventors of the cyanide process have strongly 

emphasised — namely, the selective action of weak solutions of 

cyanide for gold in preference to other metals. It is a strange 

* According to Mr, Bettel. 
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fact that, while gold is one of the most difficult of metals to 
dissolve in acids, it is extremely susceptible to the weakest 
solution of cyanide, when copper and other metals might 
remain unaffected in it. The successful use of very weak 
solutions may have much wider and more important con- 
sequences. 

It is well known that the MacArthur-Forrest process has 
failed in some mining districts in the treatment of complex 
ores ; and it has seemed to me not unlikely that when experi- 
menters with the cyanide process have met with difficulties 
such as this, they have increased the strength of their solutions, 
using more cyanide in the hope of overcoming the disturbing 
presence of the baser metals. 

I shall presently give an account of the process introduced 
by Messrs. Siemens and Halske, who have adopted the 
diametrically opposite course ; they have taken weaker solutions. 
If they had confined themselves to the chemical precipitation 
of the gold upon zinc or some other metal, as in the MacArthur- 
Forrest patent, they would have failed, because a point arrives 
at which chemical precipitation, in exceedingly dilute solutions, 
becomes imperfect. But the introduction by Messrs. Siemens 
and Halske of the agency of electricity, solved the problem at 
once. Now it is quite possible that, when the complex ores of 
other countries are treated with very weak solutions and by 
the electrolytical method, the weak solution will attack the 
gold in the ore, but may leave the other metals unattacked. 
There is a wide field open here for investigation and research. 

The Fractical Besults. — Before we begin the treatment 
of the tailings, we meet with an acknowledged loss of 25 to 30 
per cent, of the gold which goes into the slimes. It is true 
this gold is not lost, for it is still there. It is still an asset 
which accumulates monthly by the thousands of ounces in the 
slime-pits ; but in the present state of our science and knowledge 
it is unavailable, and, therefore, for present practical purposes, 
represents a loss which has to be reckoned with. It may be 
possible, and quite probable, that in other mining regions this 
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loss may not occur, but I put some emphasis on the point, 
as investigators in other countries will do well to closely study 
the nature of the ore they are dealing with before erecting 
their plant, and thereby probably save unnecessary expense on 
that head, to say nothing of costly experiments. 

To illustrate the question of extraction by an example, I 
will suppose that we are dealing with a Rand mine whose ores 
contain an average assay value of x6 dwts. per ton. 

I am safe in saying that the average extraction in the bat- 
tery by plate amalgamation ranges from 60 to 70 per cent., 
especially from the p)rriticores ; and, assuming that the battery 
recovers 10 dwts. per ton, or about 63 per cent., this would 
leave 6 dwts. in the tailings. Assuming now that z,ooo tons 
tailings at 6 dwts. go to the cyanide works, containing 6,000 
dwts., 30 per cent, of these, or 300 tons at 6 dwts., containing 
1,800 dwts., go to the slime-pit, leaving 700 tons of tailings at 
6 dwts., containing 4,200 dwts., which go to the leaching-vats. 
Of these 4,200 dwts., 70 per cent, is recovered by cyanide, 
equal to 2,940 dwts., so that the amount recovered from the 
original 1,000 tons of tailings represents 50 per cent, in round 
figures, or 3 dwts. out of the 6 dwts. Add to this the 10 dwts. 
won on the plates, and we have 13 dwts., or a total recovery 
of 82 per cent, of the gold contained in the ore, which, when 
the slime treatment shall have been solved will be raised to 
about 90 per cent., which percentage can be considered highly 
satisfactory. 

Exact figures as to the actual extraction of the gold from 
the various establishments are not easily obtainable, but from 
the information I have gathered, I should consider that 85 per 
cent, would be the average. 

Cost of Treatment. — This necessarily varies at every 
plant, and mainly depends (i) on the size of the plant; (2) on 
the facilities for handling the tailings in charging and dis- 
charging; while (3) the principal item is the consumption of 
cyanide. 

The consumption of cyanide, I should judge, varies from 
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J to I J lbs. per ton of tailings treated. The commercial article, 
as sold in Johannesburg, costs 2s. per lb. 

The consumption of zinc is about 0*4 to J lb. per ton of 
ore, and costs 4Jd. per lb. in Johannesburg. At the Kleinfon- 
tein works the consumption of cyanide is only J lb. per ton. 
The consumption depends greatly on the washing, and the 
alkaline wash destroying organic matter. The cost, in large 
works treating above 10,000 tons and over, would be 4s. per ton ; 
in works treating 5 to 7,000 tons, 5s. to 6s. ; in works treating 
3 to 4,000 tons, 6s. to 7s. ; while in smaller establishments the 
cost may even be higher. 

The cost of zinc precipitation can be estimated at from i Jd. 
to 3d. per ton. 

The Robinson Cyanide works treated, in 1893, 55,200 tons 
of tailings; in which was contained fine gold, 20180-06 oz., 
and from which was extracted fine gold, 13872*66 oz. ; ex- 
traction, 687 per cent. ; bullion returned, 1 7921 '20 oz. 

The cost of cyaniding was as follows : — 

Total. Cost per ton. 

£ s, d. £ 8. d. 

Wages (whites and natives, including food) 3,40611 8 o i 2'8i 

General stores, assay material, &c. . 1,408 91 o o 6*12 

Fuel 1,204 19 9 00 5*24 

Cyanide— 64,41 1 lbs. equal to I '16 lb. per ton 5,563 02 o 2 0*19 

Zinc — 12,521 lbs. equal to 0*23 lb. per ton. 260 43 00 1*13 

Contractor (filKng and discharging vats) . 4,325 12 2 o I 6*8i 

Royalty 3,768 11 01 4*38 

Total . . . jf 19,936 18 2 07 2-68 

Cost of Plant. — A plant to treat 3,000 tons monthly 
would cost ;^5,ooo; a plant to treat 5,000 tons monthly, 
;£7,5oo ; a plant to treat 7,000 tons monthly, ;^io,ooo; and 
a plant to treat 16,000 tons monthly, ;^i 8,000. The figures 
being, of course, in each case approximate only. 



CHAPTER III. 
THE SIEMENS'HALSKE PROCESS. 

The Electric Precipitation of Gold from Cyanide 
Solutions. — This process has been in practical operation at 
the Worcester mine for several months, where I have had the 
opportunity of observing and testing the operations. At the 
Meyer and Charlton mine, May Con, and at the Metropolitan, 
it will very shortly supersede the zinc precipitation method. 

Upon reference to the plans (Plates V. and VI. — see 
pages 42 and 44) it will be noticed that the works are similar to 
those in use for the MacArthur-Forrest process, the only altera- 
tion being in the extractor-house. 

For much of the information contained in this Chapter, I am 
indebted to a lecture by Mr. A. Von Gemet, delivered a 
few months ago before the Chemical and Metallurgical Society 
of South Africa. Great credit is to be given to Mr. Von 
Gemet for the ability which he has displayed in developing this 
new process on the gold fields. 

How the Process was Discovered. — In 1887 I^r. 
Siemens, the eminent electrician of Berlin, found that the gold 
anodes, used in electro-plating at his works, lost weight when 
standing in the cyanide liquor without any electric current 
passing through the bath. This fact of course corroborated the 
statements made by chemical authorities that gold is soluble 
in cyanides, and induced him to try the use of cyanide 
solutions for the extraction of gold from ores. 

He found that the zinc method, as introduced by MacArthur- 
Forrest, only gave good results with strong solutions, while the 
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electric precipitation was equally effective with either strong or 
weak solutions, and its efficiency was not lessened by the 
presence of caustic soda. 

He subsequently introduced the process in Europe, Asia, 
and America, and during the year 1894 erected a plant capable 
of dealing with 3,000 tons of tailings per month at the Wor- 
cester mine, near Johannesburg, Transvaal. 

The Action of the Electric Current on the G-oId 
Solution. — The electric current decomposes a solution of a 
metallic salt, the metal being deposited on the negative pole, 
while the metalloid is liberated at the positive pole of the 
electrolytic cell. In a fixed time, a given electric current will 
deposit a certain quantity of metal, which quantity varies for 
different metals in direct proportion to their electro -chemical 
equivalents. This law holds good only for solutions strong in 
metal, but with very dilute solutions, as in use in the cyanide 
process, the current does not find sufficient of the metallic 
compound present at the electrodes, and consequently de- 
composition of water also takes place. For this reason, to 
make the efficiency of the precipitation as great as possible, 
constant diffusion of the solution is requisite. 

In order, therefore, to create an artificial diffusion, a me- 
chanical movement of the solution is important, and the most 
economical and convenient way of effecting this is to allow a 
slow but steady flow through the precipitation-boxes. But 
it is still more important to give a very large surface to the 
electrodes. In fact, a better effect is obtained by doubling the 
number of plates than by increasing the current tenfold. 

Why Mercury cannot be used as a Cathode. — Mer- 
cury cathodes are not practical, for the reason that such an 
enormous quantity of this costly metal would have to be 
employed that the recovery of the gold would become difficult. 

To precipitate 100 tons of cyanide solution containing 
5 dwts. of gold per ton of solution in 24 hours, about 24,000 
square feet of mercury surface is required. If the bottoms of 
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the precipitating-boxes were covered with mercury, it would be 
necessary to have it at least a quarter of an inch deep, to make 
up for differences of level, and thus ensure that the whole sur- 
face should be covered. This requires over 200 cubic feet of 
mercury, weighing 80 tons. At the end of a month there 
would be 750 oz. of gold in this enormous quantity of 
mercury ; and even straining it most carefully, the gold would 
be so finely diflFused that I doubt whether much of the gold 
would remain in the straining filter ; besides, the practicability 
of such an operation is questionable. I do not consider the 
initial outlay of the mercury, and the large loss sure to result 
when handling such large masses of this metal. 

The vertical position in which metallic plates can be placed 
has the great advantage of keeping the surface of the cathodes 
clean, as any solid matter entering the boxes in suspension 
sinks to the bottom of the latter, no obstruction being offered 
to its downward course. Sheets of solid metal (as copper), 
coated with mercury, have also been tried, but have been 
unsuccessful because the mercury, owing to the action of the 
current, will penetrate the copper and form a dry amalgam 
which does not adhere to the plates. 

Conditions which the Metal Cathode must Fulfil. — 

1. The precipitated gold must adhere to it. 

2. It must be capable of being rolled out into very thin 
sheets to avoid unnecessary expense. 

3. It must be easy to recover the gold from it. 

4. It must not be more electro-positive than the anode, in 
order to prevent return currents being generated when the 
depositing current is stopped. 

The most suitable metal for the purpose is lead, rolled out 
in very thin sheets, and this is accordingly used in the Siemens- 
Halske process, meeting all the requirements of the case. 
The lead sheets are fastened in light wooden frames. There 
are three sheets of lead, 2 by 3 ft. in each frame, giving each 
frame a surface of 18 ft., and 87 frames, which are in each 
precipitating-box, will expose a surface of 1,566 square feet. 
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Each frame holding three lead sheets at. i lb. weight each, 
makes 261 lbs. of lead in each box. See Plate VII. (p. 46). 

The Anode. — Not less important is the question of anodes. 
By the action of the current, a metalloid is liberated at the 
positive electrode, and the latter, when a metal, begins to 
oxidize. Carbon could be used as an anode, but it will not 
withstand the action of the current, and soon crumbles into a 
fine powder, which decomposes cyanide. This finely-divided 
carbon is in suspension, and cannot be removed from the solu- 
tion by filtration. Zinc used as an anode forms a white pre- 
cipitate of ferro-cyanide of zinc by the reaction of zinc oxide 
upon ferro-cyanide, formed during the leaching. Similarly, iron 
anodes form Prussian blue by the reaction of oxide of iron 
and ferro-cyanide. In consequence of this reaction the 
amount of ferro-cyanide in the cyanide solution does not 
increase. 

From the Prussian blue the cyanide can be recovered by 
dissolving it in caustic soda, then evaporating the solution, and 
finally smelting with potassium carbonate. 

This last process has been carried out only on a small scale, 
about 50 lbs. at a time, but a nice clean cyanide of potassium 
is obtained. In the treatment of tailings this regeneration of 
cyanide is not of great importance; but with concentrates, 
which decompose the solution with formation of ferro-cyanide, 
it will effect a considerable economy. 

Electric Current required for Precipitation. — In 

order to precipitate the gold from cyanide solutions only, a 
very weak current is required, that is to say, a density of about 
o'o6 ampere per square foot. With cathodes about ij- in. 
apart, 7 volt is sufficient to produce this current strength. 

The advantages gained by using such a weak current 
are : — 

1. The gold is deposited hard on the plates. 

2. The iron anodes are preserved for a long time, as their 
waste is in proportion to the current strength. In a plant 
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treating 3,000 tons per month, t,o8o lbs, of iron are destroyed 
in that period. 

3. Little power is required. 746 Watts equal i horse- 
power. A 3,000-ton plant requires 2,400 Watts, equal, theo- 
retically, to 3 J horse-power, and actually requiring about 
5 indicated horse-power. 

Advantages of Electrical Precipitation. — The most 
important feature of electrical precipitation is, that it operates 
on the solution quite independently of the amount of cyanide 
or caustic soda it contains. Precipitation by means of a 
chemical reaction is invariably more complete with a solution 
strong in cyanide than with a weak one, but with electricity is 
absolutely of no importance whatever. Therefore, in the treat- 
ment of tailings, very dilute solutions can be used, the only 
limit being a sufficient amount of cyanide to dissolve the gold 
satisfactorily. Moreover, however acid the solution may be 
when entering the boxes, the precipitation takes place equally 
as well, the same amount of gold bemg recovered as from a 
neutral or alkaline solution. There are none of the complica- 
tions arising from the formation of lime and alumina and hy- 
drate of iron, which, under similar circumstances, sometimes 
occasion so much trouble in the zinc process. 

A solution, containing 0*03 per cent, of cyanide, will dis- 
solve gold just as effectively as a solution containing 3 per 
cent, provided a longer time is allowed for treatment. In the 
first case, the decomposition of cyanide in the tailings is much 
less than in the second, and a corresponding economy is effected. 
The moisture in the original tailings being usually about the 
same as that contained in the residues, there is, as a rule, no 
chance to give a large water wash after the cyanide treatment 
is finished. The residues discharged contain 10 to 15 per 
cent, moisture, carrying about i to 0*05 per cent, cyanide 
solution when the zinc process is employed. This is equiva- 
lent to i lb. of cyanide per ton of tailings. This last may be 
reduced to -^ lb. by using as weak wash a solution containing 
only o-oi per cent, of cyanide, which strength will be perfectly 
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suitable for electrical precipitation, though difficult to deal with 
by the chemical method. 

Practical experience has taught us that, if we treat an ore 
containing copper with a strong, say, 2 to 3 per cent solution of 
cyanide, the potassic cyanide may be all decomposed, but if 
we apply a much weaker solution, say i per cent., although the 
cyanide will be also decomposed, the same extraction of gold 
will be effected. So that, though in the former case the treat- 
ment may appear commercially impracticable, the proper carry- 
ing out of the process, by leaching with weak solutions, will 
prove to be both effectual and economical. 

The presence of copper in the ores also may affect, to some 
extent, the second operation in the process, /.^., the precipita- 
tion of the gold, 

Mr. Feldtmann mentions in this connection the result of 
some experiments made by him on some cupriferous ores at the 
Transvaal Company's plant near Lydenburg, as illustrating the 
selective affinity which weak cyanogen compounds possess for 
gold, that although there was sufficient copper mineral present 
to decompose a solution of potassic cyanide of over i per cent, 
strength, still good results — i.e., 70 per cent, extraction on 18 
dwts. ore — were obtained with i per cent, solutions. In this 
instance there was reason to believe that the gold was dissolved 
as auric cyanide instead of as auro potassic cyanide, as usually 
formed. 

As I have already intimated, it is my belief that the appli- 
cation of the extremely weak solutions, such as are utilised in 
this process, will lead to important results in the treatment of 
the so-called rebellious ores. But further investigation of the 
subject is required. 

The vats hold 135 tons, and it takes 5 hours to fill them. 
The tailings first get an alkaline wash of 10 tons, after which 
wash 70 tons of strong solution of 0*05 to o-o8 per cent, is 
pumped on; and afterward 20 tons of weak solution, of o'oi 
per cent, strength, is pumped on. The total quantity of 
solution used is 100 tons, and it takes 5^ days to leach, filter, 
and discharge each vat. 
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Fraotical Working Results. — ^At the Worcester works, 
which are in charge of Mr. Oswell, there are in use 5 leaching- 
vats of 20 ft. diameter with 10 ft. staves, each holding 3,100 
cubic ft., 135 tons. One tank is discharged and filled every day. 
The strong solution used contains from 0*05 to o*o8 per cent, 
cyanide, and the weak washes o*oi per cent. The actual 
extraction of fine gold has averaged 70 per cent., while the con- 
sumption of cyanide has been J lb. per ton of tailings treated. 

The precipitation plant .consists of four boxes, 20 x 8 ft. 
wide and 4 ft. deep. Copper wires are fixedalong the top of 
the sides of the boxes, and convey the current from the dynamo 
to the electrodes. The anodes are iron plates, 7 ft. long, 3 ft. 
wide, i in. thick. They stand on wooden strips, placed on the 
bottom of the box, and are kept in vertical position by wooden 
strips fixed to its sides. In order to effect the circulation of 
the solution in passing through the box, some of the iron sheets 
rest right down on the bottom, while others are raised about 
I in. above the level of the solution, thus forming a series 
of compartments similar to those of a zinc precipitating-box, 
the difference being that the solution passes alternately up and 
down through successive compartments. 

The iron sheets are covered with canvas to prevent short 
circuit. The lead sheets are stretched between two iron wires, 
fixed in a light wooden frame, which is then suspended between 
the iron plates. The boxes are kept locked, being opened once a 
month for the purpose of a ** clean-up," which is carried out in 
the following manner : — The frames carrying lead cathodes are 
taken out one at a time. The lead is removed and replaced 
by a fresh sheet and the firame returned to the box, the whole 
operation taking but a few minutes for each frame. By this 
means the ordinary working is not, interrupted at all, and the 
cleaning out of the boxes, which is necessary in the zinc boxes, 
is only required at long intervals. The lead, which contains 
from 2 to 12 per cent, of gold, is then smelted into bars and 
cupelled. The gold is deposited on the lead sheets as a thin, 
bright yellow film, which adheres firmly to the lead. The 
consumption of lead at these works is 750 lbs. per month, 
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equal to i Jd. per ton of tailings, and the working expenses for 
treating 3,000 tons per month are as follows : — 



Filling and discharging lea 


ching-vats 125 monthly 


O'lo per 


ton 


Cyanide . 


. . 75 n 


0-6 „ 




15 » 


1-2 , 


, 


Caustic soda 


6 „ 


0-5 


) 


Lead 


14 » 


i-i 


y 


Iron .... 


28 „ 


2-2 


1 


White labour . 


■ . 65 „ 


5-2 




Native wages and food 


20 „ 


1-9 


» 


Coal. 


57 ,. 


4-6 


» 


Stores and general charge* 


5 . 41 ,. 


3-2 


, 



;f450 



or 3 shillings per ton. 



At a great many works, where correct sampling and assaying 
is carried out, the results — that is, the gold won — agree pretty 
closely with the assay results. At the Worcester the follow- 
ing were the results for the month of August, 1894 : — 

Ozs. Dwts. Grs. 
i>350 tons tailings taken from settling vats containing . 443 i o gold 
1*750 „ „ „ upper tailing dam containing 498 15 12 „ 



3,100 tons tailings which according to assay contain . 941 16 12 
3,100 „ residues „ „ „ „ . 239 7 12 



Balance, showing the theoretical output or 74-6 per cent. 702 9 o 
Actual gold won, or 74* I per cent. .... 697 15 15 



The tailings which were treated assayed from 6 to 8 dwts. 
The tailings, or residues, after treatment, assayed from i to 
2 dwts. The solutions which leave the precipitation-boxes 
still contain some gold, and the analysis in this case showed 
that the strong solution contained 4 dwts. 8 grs. per ton of 
solution. The weak solution contained only 10 grs. 

On an average, in these works, strong solutions carry from 
4 to 5 dwts., and the weak from o to i dwt 
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In taking samples of the residue, it should be borne in 
mind that the portion of the residues in which the largest 
proportion of unextracted gold is contained is near the bottom 
of the filter-vat, say the last 12 to 15 inches. 

The best way to sample is to take a sampling-iron and probe 
every carload as it goes to the works, and to do the like with 
every car as it leaves the works with the worked residues. 

In the subjoined pages (50 to 56) will be found the 
details of a working scheme for one week, as carried out at the 
Worcester works ; and to follow the method of treatment, I 
have chosen vat No. 4, as an example. 

On the 2oth August, 1894, this vat, which holds 135 tons 
has been filled with tailings. It takes about five hours to fill 
such a tank. One ton of tailings is equal to 27 cubic feet. 



From 3.15 p.m. till 6.20 p.m. 10 tons of the alka- 
liue wash are pumped into the vat . . .10 tons 

At 8.10 p.m. strong solution is pumped on . . 5 tons 
,, 10.45 » » » »» • • 5 ». 

„ 3.30 a.m. „ ,, „ . . 5 ,, 



2 1 ST August, 1894. 



At 



9 a.m. 


strong 


solution is pumped on . 


5 tons 


I p.m. 


>» 


>♦ »> 


5 y> 


5.20 „ 


»» 


>» »' 


5 » 


10.15 » 


„ 


•)} M • 


5 M 


3.40 a.m. 


>> 


>> >> 


5 » 



At 



22ND August, 1894. 

9.15 a.m. strong solution is pumped on 
1.30 p.m. „ „ „ 

6.30 „ „ „ „ 

9-35 y* » »' 

4 a.m. „ „ „ 





• 5 


tons 




5 


fy 




5 


,, 




5 


»> 
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23RD August, 1894. 



XXL 


/ ,^\J d.XU. 


sLiuug auiuuuu la puiupcu. uu . 


;> luus 






Total Strong solution . 


70 tons 


At 


1.50 p.m. 


weak solution is pumped on . 


7 tons 


>» 


7.15 M 


>♦ »» !♦ 


7 „ 


>> 


1.25 a.m. 


»» »» ♦> 


7 „ 






Total weak solution 


21 tons 






24TH August, 1894. 




At 


7.30 a.m. 


water wash is pumped on 


6 tons 


»» 


1.50 p.m 


>♦ >» >• 


5 » 






Total water wash . 


II tons 



The tailings are thea leached dry and discharged in the 
morning of the 25th of August. 

It takes, therefore, five and a-half days to leach and filter one 
tank, and the solutions consists of 

1. Alkaline wash : 10 tons 

2. Strong solution 70 ,, 

3. Weak solution 21 „ 

Total quantity of solution . loi tons 
This is by working the Siemens and Halske process. 
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CHAPTER IV. 

PARTICULARS OF OPERATIONS AT VARIOUS WORKS. 

Crown Beef Works. — At these works* the tailings undergo 
the following treatment by the direct process. 

The 1 20 stamp battery crushes on an average 17,000 tons 
of ore monthly. Of this quantity, 12,000 tons of tailings go to 
the cyanide works, which assay from 4 to 4 J dwts. The slimes, 
amounting to S,ooo tons, assaying 3 J dwts., go to the reservoirs. 

The tailings from the battery pass through 3 spitzlutten, 
one placed in front of the other, and here a classification of the 
tailings is effected. From the spitzlutten the stream is divided 
and passed to the separators or spitzkasten, of which there are 
four, placed in front of the leaching-tanks. At the bottom is a 
T-piece, with a nozzle screwed on either side, and a rubber 
hose, the discharge of which can be regulated by a clamp, so 
that the stream can be diverted into one or the other of the 
tanks. Mr. AVilliams claims that he eliminates more slimes by 
this system of direct filling, and that the tailings which he 
retains are richer. He claims that 70 tons of his tailings con- 
tain more gold than 75 tons of tailings saved by the interme- 
diary tanks, and that is the reason why he discarded them. 
According to these figures he saves the treatment of 855 tons 
of tailings every month. 

From the spitzkasten the tailings discharge into six large 
cement filter-tanks, each 40 ft. from front to back, 34 ft wide, 
and 10 ft. high, measured inside the tank. At the bottom the 

* For the information in regard to these works I am indebted to Mr. 
Williams, the chemist in charge. 
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tanks are narrower, as the inside is built of sloping walls. The 
side walls are 4 ft. thick at the bottom and 18 in. at the top. 
Their capacity when full is about 500 tons of tailings. 

The sides and walls are of brickwork set in hydraulic lime, 
and plastered with cement plaster. The bottom is of cement 
concrete at least 12 in. thick. The concrete is made up of 
three parts of treated tailings sifted, five parts broken stone 
down to 2 in. cube, and one part of Portland cement. It is 
mixed, put in place, rammed, and levelled up with a grout 
mixed two of sand and one of cement The bottom of the 
cement-tank slopes to a central gutter, having a 2-in, fall 
from the front and back to the centre, where a gutter, 4} in. 
wide, starts at the division walls of the tank with a fall of 
4 in. towards the centre, where is a small pit 15 x 15 in. and 
12 in. deep, formed in the cement bottom, connected with 
a 4-in. pipe bedded in the concrete, and through which the 
z^-in. solution pipe is threaded. 

The filter bottom averages 5 to 6 in. in thickness, and is 
made by filling in with broken stone a 3 by 3 in. wooden 
combing, laid in cement mortar and bolted to the bottom of the 
tank all round. Over this is laid the filter-cloth. 

Each tank is provided with three iron gates, through which 
the residues are trammed to the dump. Each gate is sus- 
pended by a vertical pulley ft-om a horizontal axle running on 
wheels, which roll to and fro on rails running on the top of the 
wall on either side of the door. 

A cast-iron frame is built into the brickwork round the 
doorway, and the door made water-tight by wedging against 
rubber packing. Inside the filter- tanks are laid three i8-in. 
tramway tracks on longitudinal sleepers, which remain in the 
filter, and are only removed when the filter-cloth is to be 
raised. In the doorway is fitted a short piece of rail composed 
of 2 in. square iron, provided with pins projecting from its 
lower surface, which pins are dropped into holes in iron plates 
fitted on the sills inside and outside the doorway. This piece 
of rail is removed when it is necessary to open the door. To 
still further reduce the quantity of slimes treated, there are 
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slime gates in the tanks. These are between the doors of the 
tanks, and are simply a series of wooden slats about 4 in. wide, 
sliding in a vertical groove 2f in. from the wall of the tank. 
During the filling of the tank with tailings, any slimes which 
remain in suspension flow over into this sluice-gate, which is 
raised by additional slats as the tanks fill higher and higher, 
and pass away by a 4-in. drain-pipe to the reservoir. 

Even distribution of the tailings of the tanks is effected by 
constantly moving the nozzle of the charging hose. 

Any leakage of cyanide from the doors of the tanks is 
provided for by a gutter 6 in. wide being formed in the con- 
crete, outside the wall, and about 12 in. from it. This, starting 
at one end of the row of tanks, falls about 12 in. in its total 
length, and terminates in a small brick water-tight tank, 2 ft. 
square by 2 ft 6 in. deep, from which a pipe leads to the 
extractor-house. 

The solution drainage pipes are 2^^ in. in diameter, and, 
until outside the tanks, are threaded through a 4-in. pipe. 

The tailings are under treatment for 102 hours. Each 
tank of 500 tons gets about 400 tons of solutions and washes. 

The strong solution contains 0*3 per cent. K Cy 
The weaker solution contains 0*15 per cent. K Cy 
The weakest solution contains 0*05 per cent. K Cy 

ITie final wash water amounts to 25 tons. 

The treatment in the leaching-vats is as follows : — It takes 
30 hours to fill one of these vats. No. 3 vat, for instance, 
holds 550 tons of tailings. Say at 12.30 on the 29th August, 
50 tons of 0*05 per cent, of cyanide solution is run on to drive 
out the water. When the solution is run through 75 tons of 
strong solution, 0*3 per cent, is put on. On the 30th August, 
75 more tons of 0*3 per cent, is put on. On the 31st August, 65 
tons of 0*15 per cent, is put on. From the ist to the 3rd 
September, 300 tons of 0*05 per cent, solution, inclusive of 25 
tons of wash water, are put on. Altogether the treatment takes 
6 days, the total quantity of solution employed being 565 tons 
for this particular tank, in which the tailings assayed 5^ dwts. 
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and the residues I'l dwts. An extraction of 80 per cent, was 
obtained, which is rather above the average. 

The quantity of tailings treated in each tank is tallied by 
counting the number of trucks which are discharged. From 
the leaching-vats the solution runs to the extractor-house, 
where there are three lai^ge stock solution-tanks excavated in 
the ground, brick-lined and cemented, and of the same dimen- 
sions as the lixiviation tanks. 

Into No. I tank are run all solutions up to o'o8 per cent. 
K. Cy., which makes up an average of 0*05 per cent, with the 
weaker solutions. 

No. 2 tank receives all solutions from 0*08 to 0*2 per cent. 
K. Cy., making up an average of 0*15 per cent. K. Cy. 

No. 3 tank receives everything from 0*2 per cent, upward, 
and is made up to o'3 per cent, by adding extra strong solu- 
tion from the dissolving tank, and the same is agitated by 
means of a circulating pump. 

There is also a vacuum well, consisting of two cylindrical 
iron receivers connected to an air-pump, in order to create a 
vacuum in case the filter is stopped up, or when it is necessary 
to assist percolation, or when it is necessary to dry the ore 
before discharging. 

From the stock solution-tanks centrifugal pumps take the 
solution either from one or the other, and pump it into the 
filter-tanks. Before the solution passes into the extractor- 
boxes, the same flows into three small wooden tanks, where 
any impurities settle. 

At this mine 50 to 60 per cent, of the gold leaving the 
battery is obtained in the cyanide works. The consumption 
of cyanide is claimed to be J lb. per ton treated and 4J oz. 
zinc per ounce of gold won. The works produced 2,914 oz. 
gold in August, 1894. The works are nicely planned and 
splendidly constructed, and the mechanical details have been, 
no doubt, under the supervision of a skilled man, and may be 
considered as one of the fine plants on the gold-fields, but 
they gave me the impression that their cost of erection must 
be far in excess of those plants which use wooden tanks. 



SIMMER AND JACK WORKS. 6 1 

Simmer and Jaok Works. — ^When these works were 
erected the Company had a large accumulation of tailings, the 
results of five or six years' working, crushing first with 50 and 
afterwards with 100 stamps. 

A contract was entered for the treatment of 100,000 tons 
with the Rand Central Ore Reduction Company, and under 
the direction of Mr. Butters, one of the finest and best plants 
on the gold fields was erected within three months. While 
in Johannesburg, I made this plant the special object of my 
study, and I am indebted to Messrs. Torrente and Smart, the 
chemists in charge, for some of the working details here given, 
as well as for the illustrations of the works given in Plates 
VIII., IX., X. 

The plant has a capacity to treat 600 tons tailings daily, and 
consists of five vats of 600 tons capacity each ; three stock 
solution storage-tanks of 300 tons capacity each ; building con- 
taining four precipitation-boxes ; three 2-in. centrifugal pumps, 
for returning the solutions from the precipitation-boxes to the 
storage-tanks; one 4-in. centrifugal pump, for pumping the 
solutions from the storage-vats to the leaching-vats ; two lathes 
for cutting the zinc shavings ; engine to work lathes and pumps 
and a 60 horse-power boiler to supply steam to engine, and two 
hauling gears. 

There is stabling, also, for 40 mules ; besides a large com- 
pound to house 200 Kaffirs, a manager's house, and 6 rooms 
for the white employees. 

The tailing vats are 42 ft. in diameter and 14 ft. high, 
firmly bound with iron hoops i in. thick. It takes 10 to 11 
hours to fill each vat. 

The zinc boxes, four in number, are placed in a building 
which also encloses the stores, office, engine, lathes, and 
boiler. They are 24 ft. long, 3 ft. 6 in. broad, 2 ft. 6 in. deep. 
They are divided in 13 compartments. In every compartment 
there is a tray with a sieve of 20 to 25 holes to the inch at the 
bottom, on which the zinc shavings are loosely placed till 
they reach within 6 in. of the top of the boxes. The trays 
reach within 4 in. of the bottom of the boxes, this space being 
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left to collect the slimes resulting from the precipitation of the 
gold on the zinc. The compartments are divided from each 
other by two boards, the one reaching to the bottom of the 
box, and the other within 3^ in. This ensures the greatest 
amount of contact of the solution with zinc, and therefore an 
almost perfect precipitation. 

A 4-in. centrifugal pump is used to run the solutions from 
the storages into the tailing vats, and three small 2 in. centri* 
fugals, return the solutions from the zinc boxes into their res- 
pective storages. A donkey pump is used for cleaning the 
zinc boxes, and three small tanks, called the clean-up tanks, 
which are used to settle the zinc slimes. 

Working of the Plant. — I shall here restrict myself to 
the actual manipulation of the solutions. The process as 
carried out at the Simmer and Jack works has to deal (i) with 
old tailings containing acid ; (2) with the tailings coming daily 
down from the mill, where they keep a certain number of stamps 
working on free-milling ore (oxidized), and the remainder on 
pyritic material (blue rock). 

The quicklime is ground in a ball mill, constructed by the 
Gruson works, in Magdeburg, and in every truck of tailings a 
certain quantity is put, in proportion to the amount of the 
free acid therein contained. 

A good practical way of ascertaining this is to take a given 
quantity of tailings, say i kilo., and place them in an enamelled 
bucket or basin, adding two or three times their weight in 
water. Leave them there for two or three hours, occasionally 
stirring the same, and the blue litmus paper will show if any 
acid is present. Given the presence of acid : take a weighed 
quantity of quicklime, finely ground (say 50 grms.), and with 
a spoon throw a small quantity in the vessel containing the 
tailings, stirring the same all the time, and keep on adding 
lime, little by little, until the red litmus paper turns slightly 
blue, when the acid will be neutralized. By weighing again 
the remaining lime, the quantity used will be known, and if, 
say 2 grms. has been used, we shall have that — 
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If I Kg. takes 2 grms. of lime 

1,000 Kgs. (I ton), will require 1,000 times more, or 
2,000 grams, which is equal to 2 Kgs. 

Now, if every truck carries, say, i ton of tailings, it will require 
I kilo, of lime, or 2*12 English lbs. The advantage of sup- 
plying every truck with its proper quantity of lime, is to 
ensure its even distribution through the mass in the vat. 

When the vat is full, it is carefully levelled, and then is 
ready to be treated. 

In the case when lime has been used, the tank is filled 
with water and allowed to stand full for one hour. By this 
time the acid has been neutralized, and it can be started leach- 
ing. The water from the leaching carries, as a rule, a small 
excess of alkali, and it is pumped back into one of the storages, 
to be used again in the next tank. To this water the name of 
alkaline solution, or caustic wash, is given ; and, as a rule, the 
moisture in the tailings is enough to keep the amount in hand 
constant, so that very seldom is it necessary to add any more 
water to it. It is necessary to keep the solution in a storage 
tank, so as to avoid any loss of gold, as it always carries with 
it whatever gold may have been left in the filters, &c., from 
previous treatment. It will also be found that, after treating 
a few tanks, the solution will contain a small percentage of 
cyanide. 

When the caustic wash is partly drained off, the top of the 
tailings are turned over with a shovel, so as to break the 
slimy film which forms ; and then follows the solution, whose 
quantity must be so regulated as to give about J lb, of cyanide 
(or less) per ton of tailings, and be of a strength of '25 to '3 
per cent. 

This solution is followed by another, which is called weak 
solution, and whose strength varies between 'oS and '15 per 
cent, of cyanide, and is kept on until the tank is ready to 
leach dry. 

Should the solution in the storages get short, a water wash 
is given to terminate the operation : otherwise the weak solu- 
tion is used to the last. 
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The system followed in pumping up the solutions is to 
keep the tanks always well covered up from the moment the 
strong solution is first pumped up. As soon as the tailings 
show, more solution is added until the full amount has been 
pumped up. This is followed at once with a weak solution, 
which, in its turn, must keep the tailings alwa3rs well covered 
till the tank is ready to water wash or leach dry. 

The time employed in these diverse operations is about as 
follows : — 

1st. Caustic Wash (water or otherwise). 

Pumping 3 hours 

Contact I hour 

Leaching 8 hours 

2nd. Strong Solution, 

Is pumped without stopping the leaching until all is on, 

takes about 8 hours 

(Amount used about i6o tons.) 

3rd. Weak Solution. 

Is kept up circulating as previously explained about . . 40 hours 

4th. Water Wash (if necessary). 

Leach dry 24 hours 

Time it took to load tank 12 „ 

Total from the time of starting fiUing till ready to discharge 96 hours 
(Total amount of strong and weak solution between 500 and 600 tons.) 

Preoipitation of the Gk>ld from the Solution. — From 
the bottom of the tailing tanks, and under the filter, a pipe 2 in. 
in diameter carries the solution to the zinc boxes, four in num- 
ber, as already mentioned. 

The object of these four zinc boxes is to return the solutions 
to their respective storages, for which purpose they are con- 
nected : — 

2 with the strong solution storage, 
I with the weak solution storage, 
I with the caustic wash storage. 

A simple assay will show to the man in charge when to lead 
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the leachings through the one or through the other box. The 
boxes have a fall of 9 in. in their full length. 



Beoovery of the CStold from the CStold Slimes, — The gold 
slimes are settled in the slime-tank by means of alum or sodium 
sulphide. After 12 hours the clear portion is syphoned down, 
and these slimes are then ready for further treatment. The 
test of the sodium sulphide is lead paper, which takes a 
brownish colour when the residues in the tank have been 
saturated. 

To make sodium sulphide : — 

6 J gals, water, 

62} lbs. caustic soda, 

41 lbs. sulphur (broken small). 

Boil the water with the soda till dissolved, and then add the 
sulphur slowly, as it is apt to boil over. Dilute to 40 gals. 
Smaller quantities in proportion. 

The slimes are transferred to a special calcining furnace, 
where they are dried and the zinc slightly oxidized. They are 
left to roast at a dull red heat for 4 hours, although this time 
depends upon the quantity and nature of the slimes. After 
roasting, they are put into iron dishes and mixed with the 
smelting fluxes. 

To 6 shovels of slimes add — 

J shovel flour spar, 

3 shovels borax, 

I shovel carbonate of soda. 

If the slimes are hard, and cake, they must be ground fine so as 
to mix them well with the fluxes. 

If the fire gets too fierce while smelting the slimes, and the 
pots overflow, keep the cover off, and throw a little borax on 
the top. This overflowing is objectionable, as the slag cakes 
at the bottom of the grate and chokes the fires. When all the 

F 
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gold belonging to one lot of slimes has been secured, it is then 
melted down into one bar. 

Langlaagte Estate. — At these works, the pulp on leaving 
the mill passes into three settling-dams in rotation. The lower 
retaining walls are composed of sand-bags, and two doors are 
provided in each dam, one for the passage of the full, and the 
other for the empty trucks. 

The discharge of the slimes, when filling the dams, is 
regulated by strips of wood in the passages, the same system 
being employed at the Randfontein Estate. Lines of rails 
are placed inside these dams; and at right-angles to these, 
immediately inside the lower walls, runs a line of rails sunk in 
the ground, on which is placed a travelling-carriage, on to 
which the tipping trucks are run and brought outside the dams, 
to be picked up by a mechanical haulage composed of an end- 
less wire rope, and carried to the cyanide works. 

Here are ten vats sunk in the ground, five on each side, 
and when the tailings are treated they are emptied by means 
of a travelling crane, which lowers the body of 25 cubic feet 
capacity trucks into the vats, to be filled by Kaffirs, and are 
then lifted out again and placed on their respective carriage, 
and conveyed by mechanical haulage to the waste dumps. A 
vat can be emptied in six hours. 

The mechanical haulage is operated by a 25 n.h.p. com- 
pound engine, with 24-in. stroke and 25 h.p. boiler, consuming 
about if tons coal per day. 

Band Central Ore Beduction Company. — A promi- 
nent position in the treatment of tailings and concentrates is 
occupied by the above Company, which was organised by Mr. 
Ad. Goerz, Mining Engineer, representing a powerful German 
syndicate. The Company, who own the Siemens and Halske 
patents for South Africa, have bought over 1,000,000 tons of 
tailings, of an average value of 4J dwts., and 6,173 ^o'^s of con- 
centrates, of an average assay and contents of about 4 oz. 
The technical work is directed by Mr. Charles Butters. 
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The establishments of the Company are six in number, and 
include (i) their central works (shown in Plate XI.) — con- 
sisting of a chlorination plant and cyanide works, with work- 
shops and foundry, where everything is made for vats, imple- 
ments, etc., required for the construction of cyanide plants; 
(2) works at Maraisburg, which were built to treat tailings from 
the Main Reef, Aurora, and Aurora West Companies ; (3) tiie 
Simmer and Jack works, already described ; (4) the Worcester 
works, already described; (5) the No. i works, which treat 
tailings from the Pioneer Company; and (6) the No. 2 works, 
which treat tailings from the United Langlaagte. 

During the year ending June 30th, 1894, the Company 
treated at their six works 311,561 tons of tailings, yielding 
52,434-46 oz., of a value of;;^209,737 i6s. 8d. 

Dry Crushing. — As proper percolation of the solution can 
only be obtained by having the pulp coarse enough to allow of 
easy leaching, several establishments in the United States have 
adopted dry crushing. 

Mr. Philip Argall, M.R.I. A. (see Mining Journal, London, 
October 13th, 1894), says : "The best results hitherto obtained 
on rather friable oxidized siliceous ores have been produced 
by the following series of machines : — 

" {a) An ordinary Blake crusher, which reduces the ore to 
about i^ in.; 

" ip) A three-jaw multiple Blake crusher, which brings the 
ore down to J in. ; followed by 

" {c) A five-jaw multiple, that reduces it to about 6 mesh; 
and 

** (d) Rolls that finish the pulp to pass a 30 mesh screen. 

" The ore is screened after each crushing, so that the portion 
reduced to the desired fineness passes direct to the finished ore- 
bin, instead of, as is too often the case, going to the next 
machine to be reduced to a further and unnecessary degree of 
fineness. This plant, crushing to 30 mesh, produces only from 
5 to 10 per cent, fine enough to pass 200 mesh. 

"With soft, clayey ore, from 5 to 15 per cent, of the 
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finest dust has to be removed before a leachable product is 
obtained." 

The preparation of the ore, in dry as well as in wet crush- 
ing, is a very important step in the direct treatment by the 
cyanide process, and the latter has only been brought to its 
present state of perfection within the last six months. Owing 
to the scarcity of water in West Australia, I believe that many 
mines will have to adopt dry crushing plants, and that the 
system will reach there a high degree of perfection. 
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CHAPTER V. 

THE CHEMISTRY OF THE CYANIDE PROCESS.* 

Solution of the Gold. — The solubility of gold in a solu- 
tion of cyanide of potassium has long been known. The pre- 
sence of oxygen is necessary for the reaction, after the formula : 

2Au + 4KCy + O + H2O = 2KAuCy2 + 2KHO. 

That is, a double cyanide of gold and potassium is formed. 
This was proved by the formation, upon evaporating the solu- 
tion, of octahedral crystals answering to the formula. From 
the solution the gold is precipitated by filiform zinc. Based 
on these two reactions, the MacArthur-Forrest Company have 
obtained the following patent : — 

**The invention consists in subjecting the auriferous or 
argentiferous ores to the action of a solution containing a 
small quantity of cyanide, as hereinafter set forth, without any 
other chemically active agent, such quantity of cyanide being 
reckoned according to its cyanogen, and the cyanogen being 
proportioned to the quantity of gold or silver, estimated by 
assay or otherwise to be in the ores under treatment. By 
treating the ores with the dilute and simple solution of a 
cyanide, the gold or silver is, or the gold and silver are, 
obtained in solution, while any base metals in the ores are left 
undissolved, except to a practically inappreciable extent; 

* The chemistry of the process has been described by Messrs. Butters 
and Clennell in the Engineering and Mining Journal of October 22nd 
and 29th, 1892, and from their articles (with their permission) this matter 
is extracted. 
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whereas when a cyanide is used in combination with an electric 
current, or in conjunction with another active chemical agent — 
such as carbonate of ammonium, or chloride of sodium, or 
phosphoric acid — or when the solution contains too much 
cyanide, not only is there a greater expenditure of chemicals 
in the first instance, but the base metals are dissolved to a 
large extent along with the gold or silver, and for their sub- 
sequent separation involve extra expense, which is saved by 
our process. 

" In carrying out our invention practically, we take the ore 
in a powdered state and mix with it the solution of cyanide in 
a vessel made of, or lined with, any material not appreciably 
acted on by the solution. . . . We regulate the quantity of 
cyanide so that its cyanogen will be in proportion to the quan- 
tity of gold or silver in the charge of ore ; but in all cases we 
dissolve it in sufficient water to keep the solution extremely 
dilute, because it is when the solution is dilute that it has a 
selective action, such as to dissolve the gold or silver in prefe- 
rence to the baser metals. 

" In dealing with ores containing 20 oz. or less of gold 
or silver, or gold and silver, per ton, we find it most advan- 
tageous to use a quantity of cyanide, the cyanogen of which is 
equal in weight to from i to 4 parts for every 1,000 parts of 
the ore, and we dissolve the cyanide in a quantity of water 
of about half the weight of the ore. In the case of richer 
ores, while increasing the quantity of cyanide to suit the greater 
quantity of gold or silver, we also increase the quantity of water 
so as to keep the solution dilute. In other words, the cyanide 
solution should contain from 2 to 8 parts, by weight, of 
cyanogen to 1,000 parts of water, and the quantity of the 
solution used should be determined by the richness of the ore. 
After the solution has been decanted or separated from the 
undissolved residues, the gold and silver may be obtained from 
it in any convenient way, such as evaporating the solution to 
dryness and fusing the resulting saline residue, or by treating 
the solution with sodium amalgam. 

" Having fully described our invention, what we desire to 
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claim and secure by letters patent is : The process of separating 
precious metals from ore containing base metal, which process 
consists in subjecting the powdered ore to the action of a 
cyanide solution containing cyanogen in the proportion not 
exceeding 8 parts of cyanogen to 1,000 parts of water." 

Some time after this patent was issued, patents covering the 
use of zinc, preferably filiform, or threadlike, for a precipitating 
agent, and the use of caustic alkalies for neutralizing ores con- 
taining acids, or acid salts^ were granted to Messrs. MacArthur 
and Forrest. It will be seen, therefore, that their patents cover 
substantially three points : namely, the use of dilute solutions 
of cyanide (not more than 8 parts of cyanogen to 1,000 parts of 
water) ; the use of zinc, preferably filiform, as a precipitant ; and 
the employment of caustic alkalies for neutralizing acid ores. 

Mr. Louis Janin claims,* that the necessity of oxygen in the 
reaction which takes place in the solution of the gold in the 
cyanide has not been proved, and establishes the following 
formula : — 

Au + 2KCy + H2O = KAuCya + KHO + H. 

More recent investigation has proved that oxygenation ot 
the gold in the process is essential to its success, and the idea 
has been suggested that an artificial oxygenation of the gold in 
rebellious ores may lead to the solution of the problem of 
treating them successfully by the cyanide process. 

Mr. R. Feldtmann, in his " Notes on Gold Extraction," gives 
the following additional formulae, throwing light on the reac 
tions which take place in the solutions of gold in cyanide : — 

When hydrocyanic acid dissolves gold fi:om acid tailings 

(assuming that the cyanicide has destroyed all the cyanide of 

potassium), 

2Au + 8HCy + 30 = 2AuHCy4 + 3H2O, 

an auric hydrocyanide is produced, and this compound is not, 
or is at any rate only imperfectly, precipitated by zinc. Even 
rendering the solution alkaline by addition of caustic soda or 
potash, does not appear in such a case to cause a good precipi- 

* Mineral Industry, 1892. Scientific Publishing Co., New York. 
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tation. This may be owing simply to the auric compound 
being more stable than the aurous salt ordinarily obtained, or 
may be owing to the absence of free cyanide of potassium. 
The addition of alkali to such a solution of auri cyanic acid 
may be assumed to form auric potassic cyanide in this way : — 

AuHCy* H- KOH = AuKCyi + H2O. 

The addition of an acid to working solutions containing free 
potassic cyanide, and a certain amount of auro potassic cyanide, 
would appear — probably indirectly — to convert at least a por- 
tion of the latter into auri cyanic acid. Probably the hydro- 
cyanic acid, liberated by the decomposition of the potassic 
cyanide, combines with the auro potassic cyanide to form auri 
potassic cyanide : — 

AuKCys + 2HCy + O = AuKCy* + H2O 

which, in its turn, acted on by the mineral acid, is converted 
into auri cyanic acid : — 

2AiiKCy4 + H2SO4 = 2AuHCy4 + K2SO4. 

Solubility of other Metals and Minerals. — ^According 
to Gmelin, zinc, iron, nickel, and copper are dissolved by 
potassium cyanide, with evolution of hydrogen; cadmium 
and silver in the presence of oxygen; and tin, mercury, 
and platinum not at all. Sulphide of silver is dissolved by 
strong solutions and a sufficient quantity of weak solution. 
Silver arsenate Ags As O4, and silver antimonate AgSbOg are 
readily dissolved by potassium cyanide, as are many of the 
argentiferous arsenical and antimonial minerals found in nature. 
Chloride of silver dissolves readily, forming chloride of the 
alkali and a double cyanide of silver and potassium. While 
metallic silver, when sufficiently fine, dissolves readily in the 
solution, that found native in ores is not attacked, unless exist- 
ing in thin laminae. The oxides and sulphides of copper are 
attacked by the solution and dissolved, as is metallic copper. 

It is claimed that the presence of copper sulphide in a silver 
or gold ore prevents the precious metals from going into solu- 
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tion. Although experiments have shown that little or no silver 
or gold is dissolved in certain ores containing sulphide of cop- 
per, this question is by no means settled, as artificially-prepared 
sulphide of silver is dissolved in actual contact with the copper 
compounds. Metallic iron is attacked, but very slowly. Ferric 
hydrate is not attacked by the solution, but ferrous hydrate, 
formed in the neutralization of the iron salts by alkali, is 
attacked by cyanide, according to the reaction : — 

FejHO + 6KCy = KiFeCye + KOH. 

Thus ferrocyanide of potassium and caustic potash is formed. 

Louis Janin's Experiments on Silver Ores.* — Mr. 
Janin made a series of experiments on the applicability of 
the cyanide process to various types of ores, with the following 
results : — 

Sample No. i. — Grand Central Mine, Arizona. Siliceous 
ores, containing considerable quantities of lime and manganese. 
The silver minerals are principally cerargyrite and argentite, 
and gave an extraction of 92*6 per cent. 

Sample No. 2. — Christy Mine, Silver Reef, Utah. The sil- 
ver minerals are chlorides, sulphides, metallic silver, in agangue 
of sandstone, somewhat discoloured by carbonate of copper. 
Extraction, 80 per cent. 

Sample No, 3. — Horn Silver Ore, Utah. The silver prin- 
cipally as chloride. Extraction, 93 per cent. 

Sample No. 4. — Tybo, Nevada. The mineral is principally 
a sulphide and fahlore. Extraction, 71*8 per cent. 

Sample No. 5. — Gangue siliceous with chloride of silver. 
Extraction, 97 per cent. 

Sample No. 6. — Ramshorn, Idaho. Containing galena and 
carbonate of lead, pyrites, and zinc blende. Extraction, 80 
per cent. 

Sample No. 7. — Broken Hill, New South Wales. Chloro bro- 
mide of silver in kaolin, quartz, and garnet. Extraction, 997 
per cent. 
* From Mineral Industry. The Scientific Publishing Co., New York. 
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Sample No, 8. — Broken Hill, New South Wales. A siliceous 
iron ore containing 38 per cent. Fe O. Extraction, 84*6 per 
cent. 

Sample No, 9. — Bullionville, Nevada. Tailings, containing 
10 per cent, carbonate of lead, galena, and iron in a siliceous 
gangue. Extraction, 32 per cent 

Sample No, 10. — Bertrand and Geddes, Nevada. Contains 
antimoniate of lead, with which the silver was combined. Ex- 
traction, 1 1 "8 per cent. 

Sample No, 11. — Argenta, Montana. Contains over 40 per 
cent. lead. Extraction, 57 per cent. 

Sample Nos, 12 and 13. — Belmont, Nevada. Contains arseni- 
cal pyrites, pyrite, blende, and galena, with the silver as fahlore, 
and arsenical and antimonial ruby forms. Extraction, 35 and 
47'5 per cent. 

Sample No. 14. — Las Yedras, Mexico. Contains large 
quantities of carbonate of lime, with the silver in the form 
of ruby silver, and arsenical pyrites. Extraction, 41*5 per 
cent. 

Sample Nos, 15 and 16, — Ontario and Daly ores, Utah. Con- 
tain principally fahlore, more or less decomposed with some 
lead and zinc. Extraction, 72-5 and 81 'i per cent. 

The conclusions and deductions to be derived from a study 
of the foregoing are, that silver in oxidized surface ores, or 
where it occurs as a chloride, is readily attacked by cyanide of 
potassium, and that where no minerals are present which exert 
an unfavourable influence, this method may prove economical. 
It must be confessed, however, that even with these conditions 
it has but a limited range of usefulness. On the other hand, 
where lead, oxide of copper, or oxides of iron occur, the results 
are so poor as to preclude the use of the process. 

The results obtained from different samples of silver ore 
from the same mine vary greatly, for a slight increase of an 
undesirable element, which would not affect amalgamation in 
the slighest degree, causes a great decrease in the percentage 
of extraction by cyanide. 

In the case of a number of experiments on Daly ores, the 
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results varied 16*2 per cent., while, with amalgamation, there 
was a variation of but 2 per cent. 

Besults of Experiments made with Potassium Cy- 
anide on Oold and Silver Ores. — It would seem proba- 
ble that, in ores containing both gold and silver, only the 
oxidized surface ores can be treated with success, both the 
silver and gold minerals from depth proving refractory. With 
the majority of these ores the consumption of cyanide would 
be large, as many minerals other than those of silver are con- 
tained in them, and would have a decomposing action upon 
the solution. 

Experiments on Gregory concentrates, consisting of pyrites, 
some arsenopyrite and chalcopyrite, with traces of galena and 
blende, gave an extraction of 90 per cent, gold and only 3 per 
cent, silver. 

Delamar, Idaho, consisting of a siliceous and limestone 
gangue, impregnated with silver sulphides and chlorides, and 
iron pyrites. Results : gold, 90 per cent. ; silver, 83 per cent. 

Revenue Mine, Montana — Oxidized surface ores, contain- 
ing a considerable quantity of iron. Gold, 94 per cent ; silver, 
5*2 per cent. 

Southern Cross, Montana, contains 40 to 50 per cent, of 
limonite. Gold, 93 per cent. ; silver, 50 per cent. 

I am not aware, so far, that the cyanide treatment has been 
applied on a large scale to the extraction of silver ores. 

Treatment of Fyritic Ore Previous to Liziviation 
with Cyanide. — Pyritous ore, if but slightly exposed to 
atmospheric action, always contains free sulphuric acid and 
soluble salts of iron. To prevent reactions on the solution, it 
is necessary to leach these ores with water previous to lixivia- 
tion with cyanide of potassium, and before washing with an 
alkali. If the alkali solution were to be added directly to the 
ore, the consumption of alkali would be extremely large, and 
the amount of solution necessary, if lime were to be used, would 
prove inconvenient to handle. 
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The alkali solution, assuming that caustic soda is used, 
reacts on basic iron salts, insoluble in water, according to the 
following reactions : — 

FeaOsjSOs + 2NaHO + H2O = Fe2{HO)6 + Na2S04 

and 

Fe20s,2SOs + 4NaH0 + HaO = Fea(HO)6 + 2Na2S04. 

Thus ferric hydrate and sodium sulphate (or calcium sul- 
phate, if lime is used) are formed. Sodium sulphate is soluble 
and passes oflf with the wash water, but calcium sulphate 
remains. The hydrate of the sesquioxide of iron is insoluble 
in water, and, to all appearances, is unattacked by the cyanide 
solution ; but the hydrate of protoxide is dissolved with forma- 
tion of ferrocyanide of potassium. 

Mr. C. W. Merrill precipitated ferrous hydrate by caustic 
potash from a cyanide solution. The solution contained but a 
small percentage of free cyanide, however, as it had already 
acted on ore and zinc in the precipitation of the dissolved gold, 
and it is unlikely that this reaction, regenerating the cyanide 
of potassium, which had been rendered inert by the solution of 
the iron, would occur in a comparatively strong solution. 

Treatment of Fyritic Ores by Cyanide of Fotassium. 
— Owing to the rapid decomposition of the pyritic ores when 
exposed to the atmosphere, precautionary measures have to be 
taken to treat them effectively. Owing to their successful 
treatment by the chlorination process, it is at present difficult 
to say if the cyanide process will eventually prove a serious 
competitor, as no doubt the process which is the cheapest will 
maintain itself. 

Pyrite (Fe S2) is decomposed by the oxygen of the air and 
moisture into soluble ferrous sulphate and free monohydrated 
sulphuric acid, according to the reaction : 

FeS2 + H2O +70 = FeSO* + H2SO4. 

The ferrous sulphate is decomposed by the action of the 
air to insoluble basic sulphates. In addition, normal ferric 
sulphate (Fe2 3 SO4) is produced, which gradually loses acid 
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and becomes a soluble basic sulphate, Fca O3, 2S03, There 
are many basic salts of somewhat complex and doubtful com- 
position formed likewise. Thus in an oxidized ore which has 
contained pyrite are found sulphuric acid, ferrous sulphate, 
basic ferrous sulphates, ferric sulphate, and basic ferric sul- 
phates, all of which react upon potassium cyanide. 

Sulphuric acid reacts upon potassium cyanide with evolu- 
tion of hydrocyanic acid according to the reaction : 

2KCy + H2SO4 = K2SO4 -f 2HCy. 

Ferrous sulphate reacts upon cyanide with the formation of 
ferrous cyanide, a yellowish red floculent precipitate : 

FeSOi H- 2KCy = FeCya + K2SO4. 

This ferrous cyanide is attacked by the excess of cyanide in 
the solution, and ferrocyanide of potassium is formed according 
to the reaction : 

Fe C72 + 4KCy = KiFeCye. 

That is to say, one molecule of ferrous sulphate decomposes 
or renders inert six molecules of cyanide of potassium. Other 
things being equal, if i per cent, or 20 lbs. of ferrous cyanide 
existed in the ore, some 5 1 lbs. of cyanide would be rendered 
inert for the solution of gold, and, in fact, would be lost. This, 
at the average price of chemically pure cyanide, would cost 
over jQ$ to £6 per ton of ore treated. 

The ferrocyanide of potassium, formed according to the last 
reaction, is reacted upon, if sufficient acid be present, by an 
additional quantity of ferrous sulphate, with production of 
Prussian blue according to the reaction : 

SKUFeCye + 6FeS04 + 3O = Fe203 + 6K2SO4 + Fe7Cyi8. 

This production of Prussian blue gives a blue colour to the 
surface of the tailings, or to the solution, and indicates at once 
that the washing and neutralizing operations have not been 
carried on properly, and that a great loss of cyanide is taking 
place. 

Ferric salts, when present, unmixed with ferrous salts, de- 
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compose the cyanide solution with formation of hydrocyanic 
add and precipitation of ferric hydrate, according to the re- 
action : 

Fe2(S04)3 + KCy = FejCye + 3K2SO4. 

With further decomposition : 

FeaCys + 6H2O = Fe8(OH)6 + 6HCy. 

This means that, other things being equal, one molecule of 
ferric sulphate decomposes six molecules of cyanide. If i per 
cent, or 20 lbs., of ferric sulphate existed in the ore, very 
nearly the same weight of cyanide, costing ;f 2 to j£$, would 
be destroyed. 

If a mixture of ferric and ferrous sulphate, as is probable, 
exists in partially-oxidized ores, it causes the production, when 
ferrous sulphate is in excess, of ferrous cyanide, according to 
the reaction : 

i2KCy + 3FeS04 + 4^ 62(804)3 = Fc3(FeCy6)2 + 6K2SO4 

when ferric sulphate is in excess, the production of ferric ferri- 
cyanide (Prussian blue), according to the reaction : — 

i8KCy + 3FeS04 + 2Fe2(S04)3 = Fe4(FeCy6)3 + 9K2SO4. 

These reactions show clearly that washing by water and 
neutralization by a caustic alkali must be employed to arrive 
at satisfactory and economical results. It is more than pro- 
bable that many of the failures already recorded are due to the 
lack of these precautions. In addition to these reactions, 
there are many with unknown compounds, the composition of 
which cannot be expressed, even where the greatest precau- 
tions are used, and the operations supervised with the greatest 
ability and knowledge. 

Precipitation of the Gold. — Zinc precipitates the dis- 
solved gold, as the cyanide has more affinity for it than for the 
gold. Theoretical reaction is : 

2KAuCy2 + Zn = 2Au + K2ZnCy4. 
But much more zinc goes into solution than this reaction calls 
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for. According to the chemical reaction, the consumption 
should be i oz. of zinc to 6 oz. of gold. The excessive con- 
sumption of zinc must be ascribed to other action than the 
mere replacement of zinc for gold in the double cyanide of 
gold and potassium. 

There is comparatively little exact knowledge of the reac- 
tions taking place in the zinc precipitation-boxes. One fact is 
known positively, and that is, that hydrogen is evolved. This 
does not occur, however, when zinc alone is exposed to a 
cyanide solution, but after gold is deposited on the zinc, or 
when zinc is placed in contact with iron. In other words, a 
galvanic couple is formed, the water is decomposed, and 
hydrate of zinc is formed, which is attacked by the cyanide 
forming a double cyanide of zinc and caustic potash. The 
probable reactions may be expressed as follows : 

Zn + 2H2O = 2H + Zn{H0)2. 
Zn(H0)2 + 4KCy = ZiiK2Cy4 + 2KHO. 

The production of caustic alkali explains the increased alka- 
linity of the solution after passing the zinc precipitation-boxes. 
It may be considered advantageous to a certain extent, how- 
ever, as carbonic acid, which decomposes the solution, is 
absorbed by the caustic potash, with formation pf a carbonate 
of the alkalies. Ammonia is formed also, as is indicated by 
the strong odour of the gas about the boxes. 

The precipitate contains, besides the precious metals, many 
of the base metals, which may be dissolved by the solution. 
The principal of these are copper, arsenic, and antimony. 
When a weak cyanide solution contains copper, the copper 
may be precipitated in preference to the gold, whereas, by 
increasing the quantity of cyanide, the copper can be kept in 
solution until the precipitation of the gold is complete. 

It is also asserted that, in ordinary cases, the accelerating 
influence on precipitation of excess of potassic cyanide is 
probably due to generation of nascent hydrogen. 

4KCy + Zn + 2H2O = ZiiK2Cyi + K2H2O + Hj. 
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This nascent hydrogen steps into the place of the gold in 
the auro potassic cyanide : 

2AuKCy2 + Ha = aKCy + K3H2O + Auj. 

The hydrocyanic acid thus formed recombining with any 
free alkali present, there is no loss of such cyanogen as was 
combined with the gold ; from the former of the two equations 
it would appear that some proportion of the potassic cyanide 
must be consumed in the zinc boxes. As a matter of fact, 
there is a consumption in the case of strong cyanide solu- 
tions, which, however, in the case of ordinary working (it is 
claimed *), when solutions are coming off, 0*2 per cent., or so, 
is quite inappreciable. Indeed, it would appear as if a re- 
generation of the zinc potassic cyanide took place, the zinc 
possibly forming a hydrate, and remaining in solution as such, 
owing to the presence of the free alkali. Given favourable 
conditions, indeed, the zinc potassic cyanide is itself capable 
of dissolving gold from ores, and by addition of free alkali to 
this salt all the cyanogen in it may be determined in the ordi- 
nary manner by means of nitrate of silver solution. 

Owing to the large amount of zinc which is dissolved in the 
precipitating-boxes, one would surmise that the working solu- 
tions would become in time very highly charged with zinc com- 
pounds. Mr. Feldtmann '*' remarks on this subject, that, as a 
matter of experience, it may be stated that they do not, to any 
great extent, and the probable reason for this is, that the small 
quantities of alkaline sulphides formed serve to precipitate, at 
least, a portion of the zinc as insoluble sulphide, a regeneration 
of potassic cyanide taking place simultaneously. 
ZnK2Cy4 + KjS = ZnS + 4KCy. 

The presence, or rather the formation, of alkaline sulphides 

in the solutions is explained by the action of potassic cyanide 

on the iron sulphide contained in partially-decomposed pyritous 

ores. 

6KCy + FeS = K^FeCye + KjS. 

♦ " Notes on Gold Extraction by means of Cyanide of Potassium," by 
W. R. Feldtmann. 
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Mr. T. S. MacArthur has even found that, in very excep- 
tional cases, sufficient alkaline sulphide may be formed to be of 
hindrance to the action of cyanide on the gold, and has dis- 
covered a remedy for this in the addition of metallic (parti- 
cularly lead) salts, capable of forming insoluble sulphides. 

Decomposition of the Cyanide. — The compound of 
cyanogen and potassium is extremely unstable. Not only is it 
decomposed by mineral acids and acid salts, but by the action 
at ordinary temperatures of atmospheric carbonic acid, accord- 
ing to the reaction : 

2KCy + CO2 + H2O = K2CO3 + 2HCy, 

Hydrocyanic acid is given off, a portion of which remains in. 
solution and is available for the extraction of gold, but the 
greater part is dissipated into the air. 

The cyanide is easily oxidized to cyanate : 

KCy+0 = KCyO. 

The cyanate is further oxidized to carbonate according to the 
reaction : 

2KCyO + 30 = KaCOs + CO2 + N3. 

The nitrogen given off may cause a still further decomposition, 
for when a current of nitrogen is passed through a cold dilute 
solution of cyanide of potassium, hydrocyanic acid is evolved 
without the nitrogen entering into the reaction. This action, 
when the presence of a chemical causes a reaction between 
other chemicals in aqueous solution without entering into the 
reaction itself, is called hydrolysis, and further reaction must 
be attributed to this property of caustic alkalies, which are, and 
must be, always present in a working solution of potassium 
cyanide. If the solution is boiled with acids or alkalies, hydro- 
lysis of the cyanide occurs rapidly, ammonia and formic acid 
being formed thus : 

KCN + 2OH, = NH3 + HCO2K (+ 9-5).* 



♦ Acconiing to T. K. Rose, B.Sc, "The Metallurgy of Gold;*' 
London, 1894. 

G 
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If lime is in solution as cyanide of calcium, the following re- 
action may explain the formation of calcium carbonate : 

Cas(CN) + 3OH2 + 2H = CaCOi + aHsN -f COs + OHs. 

Hydrogen is always evolved when the gold is precipitated ; 
without it the foregoing reaction could not be completed. 
This reaction accounts, moreover, for the formation of ammonia 
at the ^nc boxes. The carbonic acid evolved attacks the 
cyanide, as mentioned before, thus causing still greater decom- 
position of the solvent. 

It will be seen, therefore, that the decomposition of the 
cyanide solution, and loss of the solvent energy of the solution 
for gold, may be divided under the following heads : — 

1. Actual decomposition of the solution: 

(a) By acids and acid salts present in the ore. 

(d) By atmospheric carbonic acid. 

{c) By oxidation. 

{d) By reaction owing to hydrolysis. 

2. The solution of other metals than gold which are not 
precipitated : — 

(a) By metals or their compounds present in the ore, as 
oxides or carbonates of lead, which are first attacked by the 
caustic alkali ; by oxides or carbonates of the alkali ; by cer- 
tain compounds of iron insoluble in water. 

(d) By the replacement of gold in solution by zinc in the 
precipitation. 

{c) By dissolving zinc hydrate, formed by electrolysis, in the 
precipitation. 

It will thus be seen that these losses, under incompetent 
management, may be frequent, and in many cases may cause 
unprofitable results. 

Testing the Strength of Solutions. — ^The method em- 
ployed for estimating the amount of cyanide in a solution is 
based on the capacity of cyanide of potassium to form a double 
cyanide with silver — which is added to it in the shape of a 
titrated solution of nitrate of silver — and on the fact that any 
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silver solution which is added, beyond the exact quantity which 
is required, to convert all the potassic cyanide into argentic 
potassic cyanide, will cause a white precipitate. 

aKCy + AgNOs = AgKCy2 + KNOs.* 

As the combining weights of AgNO, and K.Cy. are 170 and 
65*13 respectively, it follows that 170 parts by weight of argentic 
nitrate may be added to 2 by 65-13 = 130*26 parts of potassie 
cyanide before a permanent precipitate ensues. If, therefore, 
we add from a burette a solution of argentic nitrate containing 
17 grms. in a litre, or 1,000 cubic centimetres, to the solu- 
tion of potassic cyanide to be tested, until a faint precipitate 
appears, each c.c of silver solution added will correspond to 

I ^*02 

-^ =± o'oi3 grms. of pure potassic cyanide. From the 

1000 

amount of cyanide solution operated on, the percentage con- 
tents can be calculated. It is obvious that the strength of the 
silver nitrate solution may be so adjusted as to save all calcu- 
lation. 

If, for instance, it is made by dissolving 13*05 grms. of 
pure silver nitrate in a litre of water, and 10 c.c. of the 
cyanide solution be taken for a test, then each c.c. of silver 
solution added will conespond to o'l per cent, of pure K.Cy. in 
the sample tested. In testing very strong solutions — from the 
dissolving tank, for instance — one-tenth of the quantity of 
sample may be taken by measuring 10 cc, diluting wi^h 
water to 100 c.c, and then drawing oflf 10 cc. for test. Of 
course, in such a case, i cc. of standard silver solution will 
indicate i per cent, of K.Cy. in the original sample of cyanide 
solution. Addition of a few drops of potassic iodide to the 
solution to be tested will enhance the accuracy of the test, and 
will, moreover, annul the danger of our estimating the quantity 
of cyanide present, consequent on the strong alkalinity of the 
solution. 

In estimating very dilute solutions, such as are employed, 
for instance, in the Siemens-Halske process, I would recom- 

* From Mr. Feldtmann, ** Notes on Gold Extraction." 



84 THE CHEiaSTRT OF THE CYANIDE PROCESS. 

mend the employment of a standard decimal silver solution, as 
the same would ensure greater accuracy. 

By taking loo cc. of the ordinary standard solution, diluting 
the same to i,ooo ex., i c.c. of this decimal solution would be 
equal to o'oi per cent, of K.Cy. The strength of the standard 
nitrate solution should be occasionally controlled by a standard 
cyanide solution. 

In making the analysis, the solutions are filtered through a 
little quicklime. On addition of the silver nitrate a white 
curdy precipitate forms, which redissolves, and it is added till 
the solution shows a white precipitate. 

An easier and more accurate method is by titration with a 
standard solution of iodine in potassium iodide until a blue 
coloration is apparent^ a starch solution having been added to 
the cyanide solution. The reaction is as follows : — 

K.Cy + la = KI + ICy. 

The solution may be checked on chemically pure cyanide, or, 
better yet, on sodium hyposulphite, and the cubic centimeters 
equivalent to i per cent, of potassium cyanide calculated. 

If the percentage of zinc in the solution is required, the 
solution is evaporated to degrees and the residue treated by 
any of the well-known methods of analysis for zinc. 

The cyanide employed is not chemically pure, and the 
commercial article contains about So to 90 per cent, or 
over. It is customary in some works to dissolve in a small 
tank several hundredweight of the cyanide, and test the 
strength of this storage solution, and make up from it the stock 
solutions. The lumps of cyanide are placed on a filter, made 
of a coarse sieve covered with jute. A pump is used for 
causing circulation of the solution. 

The insoluble impurities, chiefly carbide of iron, contained 
in the commercial cyanide remain in the tray. The pumping 
of the solution into this tray should be kept going fast enough 
to keep the lumps of cyanide covered by solution, as it is 
found that alternate exposure of the carbide to the air and 
immersion in solution of cyanide, causes a certain amount of 
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decomposition of the latter. A water wash may be applied to 
remove the last trace of cyanide from the carbide before throw- 
ing the latter away. On no account should this carbide be 
put on the top of the sand in the filter vats, as is sometimes 
done.* Having determined the strength and quantity of the 
stock solution, and the strength of the solution in the dissolving 
tank, the following is a simple formula for arriving at the quan- 
tity of the latter requisite to bring the former up to the desired 
strength : — 

A being desired strength of stock solution in per cent. ; 
B being present strength of stock solution in per cent. ; 
C the strength of dissolving tank solution in per cent. ; 
P the quantity in tons, lbs., gals., litres, &c., &c., of stock ; 

A. — B 

■p ^ X D SB quantity of dissolving tank solution to be added (in tons, 

lbs., gals., litres, &c., &c.) 

For example, supposing the stock solution to consist of 
100,000 galls, of 0-4 per cent, strength^ and it be desired to 
bring this up to 0*6 per cent, by adding some 10 per cent, 
solution, then — 

— — 4- X 100,000 a 2127*65 gals, of the dissolving tank solution* 

The following table (pp. S6y 87), which was kindly prepared 
for me by Mr. Blomfield, chemist of the works, will exemplify 
the strengths of the different solutions at the various stages 
while leaching from tailing-vat (this particular lot, which 
was treated at the Rand Central Ore Reduction works, being 
somewhat slimey, took a longer time to treat, i.e., about 60 
hours) : — 

* See Feldtmann on " Gold Extraction." 
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Time of 
Leaching. 



Original Strength 
of Solution. 



Strength of 

Solution after 

Contact. 



Remarks. 



I hour 
3 hours 

5 y, 
7 » 



1st Weak Solution. 
o*i6 per cent. 



0'05 per cent, 
oos „ 

0-075 .. 
oi ,, 



1 There was consider- 
able moisture in the 
tailings previous to 
running on the ist 
weak solution. 



After I hour. 
3 hours. 

5 >> 
7 » 
9 » 

13 H 



Strong Solution 
o*35 per cent. 



o-i 


percent. 


0-2 


>i 


0-25 


» 


0-24 


» 


026 


» 


0-25 


» 


03 


if 


024 


>» 



I Draining dry. 
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Time of 
Leaching. 


Original Strength 
of Solution. 


Strength of 

Solution after 

Contact. 


Remarks. 


After I hour. 
„ 3 hours. 
f» 5 »> 


1st Weak Wash, 
0*16 per cent. 


026 per cent. 

0-3 

0-33 » 




I hour. 
3 hours. 
5 „ 

7 » 


md Weak Wash 
o*i6 per cent. 


033 per cent. 

03 ., 
029 „ 
022 „ 




I hour. 
3 hours. 
5 » 


jrd Weak Wash 
0'i6 per cent. 


V2 percent. 

0-I7 » 
0-15 




I hour. 
3 hours, 
S » 


4th Weak Wash 
0* 1 6 per cent. 


015 per cent 
014 » 
O'lS •, 




F 
I hour. 
3 hours. 

5 H 

7 » 


inal Water Was! 


0-15 percent. 

0-I3 » 
0-05 „ 
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Determination of Gk>ld in Cyanide Solatlons. — 
Buchanan's method consists in piecipitating a known quantity 
of solution with excess of argentine nitrate, decomposing the 
precipitate formed by means of a reducing agent, filtering, 
drying, and cupelling direct. In detail he fonnd the best 
method of procedure to be as follows : — 195 cc. of the cyanide 
solution are transferred to a flask of about 500 cc. capacity, 
and mixed with a few drops of potassic chromate. Argentic 
nitrate solution of any convenient strength, say, 5 per cent., is 
then added until the characteristic reddish tinge of the chro- 
mate shows that the reaction is complete. Then take 10 to 
20 grnis. of zinc dust or shavings, mix them thoroughly with 
the precipitate and solution in the flask, and add 2 or 3 cc. of 
10 per cent, sulphuric acid. Allow to stand for 10 minutes, 
add excess of sulphuric acid to dissolve the remainder of the 
zinc, filter, wash once, dry, and incinerate on a roasting dish in 
the mufile and cupel with a little lead. This method does 
away with the trouble of fluxing, and has the advantage of 
allowing of a great number of samples being done together. 
The results on the whole are slightly lower than those obtained 
by the ordinary precipitation method. 

Crosse's method consists in taking J or i litre of cyanide 
solution, containing gold, and adding excess of nitrate of silver. 
A precipitate of cyanide of silver is formed, and also argento- 
auro-cyanide, which is insoluble. This precipitate quickly 
settles, and is filtered on to a large filter. It is then put in a 
crucible covered with flux and, say, 500 grs. of litharge. In 
10 minutes the fusion is complete, the button of lead obtained 
is cupelled, and the gold parted from the silver. This method 
allows of a larger quantity of liquid to be operated upon, is 
easily carried out, and does not require much watching. In 
the case of strong cyanide solutions most of the potassic cyanide 
is decomposed by addition of acid previous to adding the 
silver nitrate, to avoid the otherwise heavy consumption of the 
latter. 

Extraction Teats.— Mr. Feldtmann gives the following 
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instructions as to the best tests for determining if an ore is 
amenable to cyanide treatment. 

It is assumed that the total sample is crushed fine enough 
to pass a 30-mesh sieve. 

1. Assay a portion of the sample. 

2. Determine the amount of cyanide it will consume by 
shaking test. For example : 200 grms. of ore are placed in a 
glass stoppered bottle with a 100 c.c. of solution of cyanide of 
o*5 per cent, strength, and shaken for twenty minutes or so. 

A portion of the solution is then filtered off and tested. 
Supposing it to be reduced in strength to 0*4 per cent., show- 
ing a consumption of 0*1 per cent, on the solution, or half as 
much, ue.y 0*05 per cent, on the ore (or i lb. per ton), we might 
safely conclude that the ore will not require any preliminary 
treatment before leaching with cyanide. The largest con- 
sumption of cyanide takes place almost immediately after the 
solution comes in contact with the ore, and after twenty minutes* 
shaking it is generally safe to assume that there will not be 
much further consumption. 

3. If it is found that the consumption of cyanide is exces- 
sive, a third portion of the ore is tested for " cyanicide," by 
which is meant free acid, soluble and basic iron salts, and 
indeed any cyanide destroying substance which may be coun- 
teracted by alkali. A solution of caustic soda of known 
strength is run, little by little, from a burette into a weighed 
quantity of the ore mixed with water, the mixture being well 
stirred after each addition of alkali, until a drop, taken out on 
a glass rod, will just turn red litmus slightly blue. A con- 
venient quantity of ore to operate on is 200 grms., and, using 
an alkali solution of 10 grms. commercial caustic soda to the 
litre of water, each cubic centimetre will correspond to 
iVth lb. of the same quality caustic soda required to the ton 
(of 2,000) of ore. If the consumption of soda be more than 
3 lbs. per ton, it will generally be found advisable to water 
wash the ore before giving alkaline treatment. It is easy 
to determine the amount of alkali which may be saved through 
a preliminary water wash, by first estimating total '^ cyanicide," 
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then taking another sample, water washing first, and estimating 
remaining " cyanidde." 

It is usual, when reporting the amount of '* cyanicide"in an 
ore, to do so in terms of pounds and fractions of caustic soda 
required to neutralize a ton of the ore. 

Should the consumption of cyanide in No. 2 test have 
proved larger than the amount of iron salts and acid present 
would account for, there is probably copper in the ore. The 
cyanide solution from test No. 2 may be conveniently exam- 
ined for copper by evaporating with nitric acid, taking up with 
a little more nitric acid, diluting and precipitating with 
ammonia, when copper will be indicated by the characteristic 
blue colouration of the liquid. 

4. Several samples of ore are weighed out for extraction 
tests. A suitable vessel for testing extraction is a lamp glass, 
fitted with an india-rubber stopper, with a glass tube through 
it, which may be closed by means of a small piece of rubber 
tubing and burette clip. A filter is formed over the rubber 
stopper by means of a piece of sponge, some filter-paper, or 
some asbestos fibre. 

Into such vessels the samples are placed — say, 200 grms. 
each — and they must then receive whatever preliminary treat- 
ment test No. 3 has shown to be needful in the way of 
water and alkali washes, 100 cc. of a 0*5 per cent, solution 
of cyanide is then poured on. The various samples may be 
allowed to stand for different periods, say, one, two, and 
three days respectively, or more, if thought fit; the cyanide 
solutions being then drawn off and tested, and the ore, after 
water washing to remove all dissolved gold, being assayed 
again. 
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Handbook for Works' Managers. 

THB WORKS' MANAGER'S HANDBOOK OP MODERN 
RULES, TABLES, AND DATA- For Emdneers, MUlwriKhts, and BoUer 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, &a By W. S. Hutton, Civil and Mechanical Engineer. Author 
of "The Practical Engineer's Handbook." Fourth Edition, carefully Re- 
vised and partW Re-written. In One handsome Volume, medium 8vo, 
price Z5<. stronRly bound. 

1^ The Author havtng compiled Rules and Data for hit own uu in a greai 
variety of modem engineering work, and having found his notes extremely useful, 
decided to publish them^reviud to date—believtng that a practical work, suited to 
1^ DAILY REQUIREMENTS OP MODERN ZKGiVKKRSt would be favourably received. 
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Gas Engines. The Second Section has been enlarged and Illustrated, and through- 
out the book a ^eat number of emendations and alterations have been made, with the 
object of rendering the book more generally useftd. 

%* Opinions op the Press 
**Th« author tiwts evMy suDject from the point of view of one who hat ooDectod trorkdiop 
■Otos for appUcatloD in workshop practice, nther than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained onlp hp practical experi- 
•nee. and is seldom written in books."— fMWnMr. 

"The volume is an exceedingly nsefuTone. tvhnftal with englneefs* nofea^ memoranda, and 
fules. and well worthy of being on every mechanical engineer's bookshelf."— A/^rAanira/ World. 

" The information is precisely th.<t likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works' manager, but of anyone connected with 
general engineering."— i1/«Mm^ youmai. 

"A formidable mass of facts and figuret, readily accessible through an elaborate bdex 
.... Such a volume will be found absolutely necessary as a book of reference in all sorta 
of 'works ' connected with the metal trades."- /2>/aM^'x Jrtm Trades Circular. 

" Brimful of usefiil information, stated in a concise form, Mr. Hutton's books have met a press« 
tog want among engineers. The book must prove extremely useful to every practical man 
possessing a copy."— /VorMra/ Ens^futr. 
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ficates of Competency in Modern Mechanical Engineering. Bv Walter S. 
Hutton, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Medium 8vo, nearly 500 pp., price x8s. 
Strongly bound. 
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on a single occasion consulted its pages without finding the information of which we were in quest. 
^—Athenttum. 

" A thoroughly good practical handbook, which no engineer can go through without kambig 
something that wiD be of service to him." — Marine Engineer. 

"An excellent book of reference for engineers, and a valuable text-book for students ot 
engineering. " — Scotsnia n . 

"This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— £KiVrf»«^ News. 

V The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular comptxidxaTa.''—En^neer. 
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rei'erred to at any time. The matter is uniformly good and well chosen and is greatly elucidated 
-by-the-iUustratiens; ■TJiei>ook.,will find.its.way on to most engineers' shelves, where it will rank as 
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STEAM-BOILER CONSTRUCTION. A Practical Handbook 
tor Engineers, Boiler' Makers, and Steam Users. Containing a large Col- 
lection of Rnles and Data relating to Recent Practice in the Design, Con- 
strnction, and Workine of all Kinds of Stationary, Locomotive, and Marine 
Steam-Boilers. By Walter S. Hutton, Civil and Mechanical Engineer, 
Author of "The Works' Manager's Handbook," "The Practical Engineer's 
Handbook," &c. With upwards of 300 Illustrations. Second Edition. 
Medium 8vo, x8s. cloth. 

t^ This work is issued in eontinuation of the Series of Handbooks written 
by the Author, v*jr;— "The Works' Manager's Handbook " and "The PractI' 
CAL Engineer's Havt>book" which are so highly appreciated by Engineers for 
the practical nature of their information ; and is consequently written in the same 
style as those works. 

The Author believes that the concentration, in a convenient form for easy refet' 
ence^ of such a large amount of thoroughly practical information on Steam-Boilers^ 
will be of considerable service to those for whom it is intended, and he trusts the book 
may be deemed worthy of as favourable a reception as has been accorded to its 
predecessors, 

%* Opinions of the Press. 
"Erery detail both In boOer design and manasrement, is clearly laid before tbe reader. Tbe 
▼olume shows that bofler construction oas been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to the /in dt siicie Engineer and Works' 
Manager."— Afars»« Ettgineer. 

" There has lone been room for a modem handbook on steam boilers ; there fes not that room 
now, because Mr. Mutton has filled it. It is a thoroughly practical book for those who are occu- 
pied in the construction, design, selection, or use of boilers. "—£nr«««»'. 

" The book is of so important and comprehensive a character tbat it must find its way into 
the libraries of everyone mterested in boiler using or boiler manufacture if they wish to be 
thoroughly informed. We strongly recommend the book for the intrinsic value of its contents."— 
Machinery Market. 

" The value of this book can hardly be over-estimated. The author's rules, formulae, &c., are 
all very fresh, and it is impossible to turn to the work and not find what you want. No practical 
engineer should be without it,"— Colliery Guardian. 

Hutton^s ** Modernised Templeton.*' 

THE PRACTICAL MECHANICS* WORKSHOP COM- 
PANION, Comprising a great variety of the most useful Rules and Formulas 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. Bv William Temple- 
TON, Author of "The Engineer's Practical Assistant,'^ &c. &c Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbook," "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with 8 
Plates and upwards of 250 Illustrative Diagrams, 6s., strongly bound for 
workshop or pocket wear and tear. 

♦** Opinions of the Press. 
" In Its modernised ft»m Hutton's ' Templeton 'should have a wide sale, Ibr It contains much 
valuable information which the mechanic wilt often find of use, and not a few ubies and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have learned to value the original editions of ' Templeton.' ' — English Mechanic. 

*' It has met with great success in the engineering workshop, as we can testify ; and there are 
a great manv men who, in a great measure, owe their rise in life to this little book."— Builelinj^ News. 
'* This familiar text-book— well known to all mechanics and engineers— is of essential service to 
the every-day requhremeats of engineers, millwrights, and the various trades connected with 
engineeruig and buil^mg. Tha new modernised edition is worth its weight in goid."—BMiUin£ 
Hews. (Second Notice.) 

" This well-known and largely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
as to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical World. 

" The publishers wisely entrusted the task of revision of this popular, valuable, and useful book 
to Mr. Hutton, than whom a more competent man they could not have found."— /rt^n. 

Templeton's Engineer'a and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By William Templeton. 7th Edition, with Additions. i8mo, is. 6d. cloth. 
♦»• Opinions of th5 Press. 

" Occupies a foremost place among books of this kind. A more suitable present to an appren* 
tlce to any of the mechanical trades could not possibly be vaAdo."—Buildif%g^ News. 

•• A deservedly poptilar work. It should be in the ' drawer ' of every mechanic"— JF^AiA 
Mechanic, 
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Foley'8 Office Reference Book for Mechanical 
Engineers* 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
Cor Machine and Boiler Construction. In Two Parts. Part L Gbmerai. 
Bnoimberinq Data. Part II. Boilbr Construction. With 51 Plates and 
namerous Illustrations. By Nslson Folst, M.I.NAi Folio, £5 51. half- 
bound. 
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PART I. 
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Surface of Tubes— Reciprocals.— 
Logarithms.— Mensuration. -Spe- 
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—Expansion of Gases.— Steam. — 
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Attraction. — Motion and Computa- 
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Metals.^ Friction. — Transmission 
OF Power.— Flow of Liquids.— Flow 
OF Gases.— Air Pumps, Surface Con- 
densers, &c. — Speed of Steamships. 
— Propellers. — Cutting Tools. — 
Flanges. — Copper Sheets and 
Tubes.— Screws, Nuts, Bolt Heads, 
&c.— Various Recipes and Miscel- 
laneous Matter. 



With DIAGRAMS for Valve-Gear, Belting and Ropes, Discharge and 
Suction Pipes, Screw Propellers, and Copper Pipes. 

PART II. 



Riveting.- Boiler Setting, Chim- 
neys, and Mountings.— Fuels, &c. — 
Examples of Boilers and Speeds op 
Steamships. — Nominal and Normaz« 
Horse Power. 



Treating of, Power of Boilers. — 
Useful Ratios.— Notes on Con- 
struction. — Cylindrical Boiler 
Shells. — Circular Furnaces. — 
Flat Plates.— Stays.— Girders.— 
Screws. — Hydraulic Tests. — 
With DIAGRAMS for all Boiler Calculations and Drawings of many 

Varieties of Boilers. 

*«* Opinions of the Press. 

** This appears to be a work for which there should be a larspe demand on the part of mechani- 
cal en^eers. It is no easy matter to comj^ile a boolc of this class, and the labour involved is 
enormous, piuticularly when— as the author informs us— the majority of the Ubles and dlu^rams 
have been specially prepared for the work. The diag^ms are exceptionally well executed, and 
generally constructed on the method adopted in a previous work by the same author. . . The 
tables are very numerous, and deal with a (jreater variety of subjects than will generally be found 
in a work of this kind ; they have evidently been compiled with great care and are unusually com- 
plete. All the information given appears to be well up to date. . . . It would be quite impos- 
sible within the limits at our disposal to even enumerate all the subjects treated ; it should, 
however, be mentioned that the author does not confine himself to a mere bald statement of 
formube and laws, but in very many instances shows succinctly how these are derived. . . . The 
latter part of the book is devoted to diagrams relating to Boiler Construction, and to nineteen 
beautihilly.executed plates of working drawings of bouers and their details. As samples of how 
such drawings should be got out, they may be cordially recommended to the attention of all voung, 
and even some elderly, engineers. . . . Altogether the book is one which 9very mechanical 
engineer may, with advantage to himself add to nis library." — Industries. 

" Mr. Foley is well fitted to compile such a work. . . . The diagrams are a great feature 
of the work. . . . Regarding the whole work, it m^v V»e very fairly suted that Mr. Foley has 
prodeoed a volume which will undoubtedly fulfil the desire of the author and become indispen- 
saUe to all mechanical enipneers,"— Marine Engitteer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engineers." — youmal qf American Society 0/ Naval Engineers, 

" A veriuble monument of industry on the part of Mr. Fole>, who has succeeded in producin||r 
what is simply invaluable to the engineering pto{cssion."—Steatnshi^. 

Coal and Speed Tables. 

A POCKET BOOK OP COAL AND SPEED TABLES, for 

Engineers and Steam-Hsers. By Nelson Foley. Author of " The Mechanical 
Engineer's Reference Book." Pocket-siEe, 35. 6d. cloth. 

"These tables are deigned to meet the requirements of every-day lae ; tfiey are of siiffi- 
ctent scope for most practical purposes, and may be oommended to engineers and users of 
D."— /rwi. 



•• This pocket-book wefl merits the attantloo of the practical OMineev. Mr. Foley has com- 
piled a very usefiil set of tables, the information contained In which Is ftequ«atl|y raquicwl br 
engineers, coal consumers and users of steaoa."— /nm mm! Comt 7>mtUs Review, 
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Steam JShtgine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 

Slement on Gas Engines, and Part II. on Heat Engines. By T. M. 
rOODBVB, M.A., Barnster-at-Law, Professor of Mechanics at the Royal 
College of Science, London; Author of "The Principles of Mechanics," 
" The Elements of Mechanism," &c. Twelfth Edition, Enlarged. With nu- 
merous Illustrations. Crown 8vo, 6s. cloth. 

''Professor Goodeve has g^ven us a treatise on the steam engine which will bear oomp 
with anythinff written by Huxley or MazweD, and we can award it no hiflrher praise."— ^Mir 
" Mr. Goodeve's tezt-boolc is a work of which every young engineer should possess 1 
'^Minift£ youmoL 

Gas Engines. 

ON GAS-ENGINES, With Appendix describing a Recent 
Engine with Tube Igniter. By T. M. Goodbvb, M.A. Crown 8vo, 2s. 6d, 
cloth. [Just published, 

" Like an Mr. Goodeve's writings, the present is no exception in point of general excellenci. 
It is a valuable little vobxaM.'—M€dkaniM/ fTorUL 

Steam Engine Design* 

A HANDBOOK ON IHE STEAM ENGINE, with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine- 
Makers, Mechanical Draughtsmen, Engineering Students and Users of Steam 
Power. By Herman Haeder, C.E. English Edition, Re-edited by the 
Author from the Second German Edition, and Translated, with considerable 
Additions and Alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. With 
nearly x,ioo Illustrations. Crown 8vo, gs. cloth. 

" A perfect encyclopaedia of the steam engine and its details, and one which must take a per^ 
manent place in Engl'sh drawing-offices and workshops."—-^ forematt Pattent-ntaker. 

" This is an excellent book, and should be in the h^nds of all who are interested in the con- 
struction and design of medium sized stationary engines. ... A careful study of its contents 
and the arrangement of the sections leads to the conclusion that there is probaWy no other book 
like it in this country. The volume aims bt showing the resuKs of practical experience, and it 
certainly may claim a complete achievement of this idea."— A'^o/«r?. 

" Tbere can be no question as to its value. We cordially commend it to all concerned in the 
design and construction of the steam engine.'* — Mechanical World. 

Steam Boilers* 

A TREATISE ON STEAM BOILERS: ThHr Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E. Fifth Edition. 
x2mo, 6s. cloth. 

"The best treatise that has ever been pubBshed on steam boilers."— fMsfinccr. 
"The author shows himself perfect master of his subject, and we heartily recommend all en* 
ploying steam power to possess themselves of the -wxtsk."— Upland's Iron Tyide CimUar. 

Bailer Chim^neys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors, By Robert 
Wilson, A.I.C.E., Author of " A Treatise on Steam Boilers," &c Second 
Edition. Crown 8vo, s*- 6d. cloth. 
"A valuable contribution to the literature of scientific buildmg."— TTt^ Builder, 

BoHer Making. 

THE BOILER^MAKER'S READY RECKONER &» ASSIST^ 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.B. Third Edition, 480 pp., with 140 Illusts. Fcap. 8vo, 75. half-bound. 
" No workman or apprentice should be without tnis book."— /row Tiade Circular. 

Locom>otive Engine Development. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 
A Popular Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1893. By Clement £. Stretton, C.E., Author of " Safe 
Railway Working," &c. Second Edition, Revised and much Enlarged. 
With 95 Illustrations. Crown 8vo, 3s. 6d. cloth. [Just fmblisngd. 

" Students of railway history and all who are interested in the evolution of tlie modern locomo- 
tive will find much to attract and entertain in this volume." — The Times. 

•* The author of this work is well known to the railway world, and no one probably has a 
better knowledge of the history and development of the locomotive. The volume btfore us 
should be of value te all connected with the railway system of this country."— iVa/Mrv. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND ^FIRE-BRIG AtiES. With 
a History of Fire-Engines, their Constrnctioii, Use^and ManagiBmenti.&e- 

Siarks on Fire-Proof ^BaildinKs. and the .Preservatifo of Life from Fire; 
tatistics of the Fire Appliances in Englisli Towns ; Foreign Fire Systems 
Hints on Fire Brigades, &c. &c. By Charles F. T. .Youmo, CB. With 
numerous Illustrations. 544 pp., demy 8vo, £1 41. cloth. 

" To those interested in the subject of fires and fire app^vatus. we most heaitily coRuncDd tUs 
book. It is the only English work we now have uoon the sobiect."— ^tgitutring. 

" It dispteya much eridence of caretui research ; and Mr. Young has put his bets neatly 
together. His acquaintance with the practical details of the construcnon ot steam fire engines, 
old and new. and the conditions with which, it is necessary they should comply, is accurate and 
tvSL'^—Engitutr. 

Estimating for Engineering Workf <Cc. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Sleam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 
Accounts. By A General Manager. Demy 8vo. 12s. cloth. / ■ '" 

" Thi4 is an excellent and very useful book, covering subject>matter in constant lequi^lltkMi In 

every factory and workshop. . . . The book is invaluable, not only to the young engineer, but 

also to the estimate department of every ^oTks."—BuiUer. 

" We accord the work unqualified praise. The information b given In a plain, straightforward 

manner, and hears throughutit evidence of the intimate practical acquaintance of the aiUhor with 

every phase of commerced engineering."— Af«cAa»ias/ IVorld, 

Engineering Construction. 

PATTERN-MAKING : A Practical TreaHsi, embraclM the Main 
Types of Engineering Construction, and including Gearing, both Hand and 
Machine maae. Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Monlding of Patterns in 
L.oam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By A Foreman Pattern Maker. Second Edition, thoroughly 
Revised and much Enlarged. With upwards of 450 Illustrations. Crown 
8vo, ys. 6d. cloth. [Just published. 

"A well-written technical guide, evidently written by a man who understands and has prac- 

ttoed what he has written about. . . . We cordially recommend it to engineering students, young 

loumeymen. and others desirous of being initiated into the mysteries of pattern-making."— ^wiiUrr. 
"More than 4^0 illustrations help to explain the text, which ii, however, always dear and ea- 

pUcH, thus rendenng the work an excellent vadt mseum tot tb» apprentice who desires to become 

master of his tnd»,^£fi£iisk Mickanic. 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning* Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman PattbrN'Maker, Author of "Pattern Making." Second 
Edition, Revised, with Additions. Crown 8vo, 75. 6d. cloth. 
** Just the sort of handy dictionary required by the various trades engaged In mechanical en- 

gbieering. The practical engineering pupU will find the book of great value in his studies, and 

every foreman engineer and mechanic should have a copy."— Buiiaiftg- News. 

"Nbt merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 

a happy idea to combine with a definition of the phrase useful information on the subject of which 

it tnats."—MachiH€ry Mark4t. 

Mill Gearing. 

TOOTHED GEARING : A Practical Handbook for Offices and 
Workshops. By A Foreman Pattern Maker, Author of " Pattern Making," 
'* Lockwood's Dictionary of Mechanical Engineering Terms," &c. With 
Z84 Illustrations. Crown 8vo, 65. cloth. {Just published. 

Summary op Contents, 



Chap. I. Principles.— II. Forma- 
tion OF Tooth Profiles.— III. Pro- 
portions of Teeth. — IV. Methods 
of Making Tooth Forms.— V. Invo- 
lute Teeth.— VI. Some Special 
Tooth Forms.— VII. Bevel Wheels. 
— VIII. Screw Gears. — IX. Worm 
Gears. — X. Helical Wheels.— XI. 

" We must give the book our anqualified pmise for Its thoroughness of treatment, and we caa 
heartily recommend it to all interested as the most practical book on the subject yet written."— 
Mechanical WorU, 



Skew Bevels.— XII. Variable and 
other Gears. — XIII. Diametrical 
Pitch.— XIV. The Odontograph. — 
XV. Pattern Gears.— XVI. Machine 
Moulding Gears. — XVII. Machine 
Cut Gears.— XVIII. Proportion of 
Wheels. 
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Stane-nvorking Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Eeonmi' 

col Convenum of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Balb, M.I.M.E. With Illusts. Crown bvo, 9s. 
"The book shoold be In the hands of eirery masoa or student of scone-work."— C«^icrr 
CuardioH. 

" A capital handbook for aU who manlpcdate stone fu boildins: or ornamental purpoMS."— 
Machinery UarMtt. 

Bump Construction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Constniction and Management. By M. Powis Balk, 
M.I.M.E., Author of " Woodworking Machinery," *• Saw Mills," &c. Second 
Edition, Revised. Crown 8vo, 2s. 6d. cloth. 
" The matter is set forth as concisely as possible. In fact condensation rather than diffiisenesa 

kas been the author's aim throug^hout; y^ he does not seem to have omitted anything: likely to be 

Oi toe."— youma/q/^ Gats Li£'JUing. 

" Thoroughly practical and simply and clearly written. "—CAt^g-^w Herald. 

MiUing Machinery ^ etc. 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of " Lathe- 
work," " Handybooks for Handicrafts," &c. With upwards'^of 300 Engrav- 
ings, including numerous Drawings by the Author. Large crown &vo, 352 
pages, I2S. 6d. cloth. 
" A new departure in er^neerlngr literature. . . . We can recommend this work to all 

Interested in milling machines ; it is what it professes to be— a practical treatise."— Ennfteer. 

" A capital and reliable book, which will no doubt be of considerable service, both to those 

who are already acquainted with the process as well as to those who contemplate its adoption." 

industries. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, ■ 

and Processes employed in the Art of Turninf[. By Paul N. Haslijck. 

Fourth Edition, Revised and Enlarged Cr. 8vo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuable." 
—'Engineering, 

" We can safely recommend the work to young engineers. To the amateur It wHI sbnply be 
nvaluable. To the student it will convey a great deal of usefol information."— ^M/iMMr. 

ScreW'Cutting. 

SCREW THREADS : And Methods oj Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
Bv Paul N. Hasluck, Author of " Lathe- Work," &c. With Seventy-four 
Illustrations. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 
IS. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwlng-too s gene* 

rally are illustrated and their action described." — Meckan'-cal World. 

" It is a conwlete compendium of all the details of the screw cutting lathe ; In tact a multum 

inparvo on all the subjects it treats upon.'' — Carpenter and Builder, 

SnUth^s Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a Ne'w Section of Electrical Tables, Formulas, and . 
Memoranda. Waistcoat-pocket size, 15. &<. limp leather. 
*' It would, perhaps, be as difficult to make a small pocket-book s ilection of r otes and fotmute 

to suit all engineers as it would be to make a universal medicine ; but Mr. Smica's wusci.uat> 

pocket collection may be looked upon as a successful aXtem\>l."—En^'.neer. 

"The best example we have ever seen of 970 pages of useful matter packed Into the dimeu* 

•Ions of a cax^rcaae."— Building News, " A venUDle pocket treasury of knowledge."— 7rM». 

French^English Glossary for Engineers, etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John Iambs 
Fletcher, Engineer and Surveyor. Second Edition, Revised and Enlarged, 
aoo pp. Waistcoat-pocket size, is. 6d, limp leather. 
*' It is a very great advantage for readers and correspondents in France and E ogland to have 



of the words relating to engineering and manutacturers collected m a liUputiaa 
e book will be useful both to students and travellers." — Architect. 



m large a number 

volume. The little 

" The glossary of terms is very complete, and many of the 
We cordiaDy co-nmend the Xtook/^Biechanical World, 



tablac an new and well arranged. 
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Tear-Book of Engineering Formulce, itc. 

THE ENGINEER'S YEAR-BOOK FOR 1894. Comprising' 
Formulas, Rules, Tables, Data and Memoranda in Civil, Mechanical, Elec- 
trical. Marine and Mine Engineering. By H. R. Kbmpk, A.M. Inst.CE.. 
M.I.E.E.. Technical Officer of ihe Engineer-in-Chiet's Office. General Post 
Office. London. Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket- Book," &c. With 700 Illustrations, specially 
Engraved for the work. Crown 8vo, 600 pages, 65. leather, \yust published. 
" Repreieiits an cnoniioub quantity of work, and forms a desirable book of reference." — The- 
Enginter. 

" The book is distinctly in advance of most similar publications in tliis country. '*-~7ingjtuerittir. 
" Tlifai valuable and well- deigned book of reference lueets the deuiands ot all descriptions ol 
cngfaieeis."— ^a/wr/ay Knnew. 

"Teems with up-to-date in^'orniation in every branch of engineering and construction." — 
Buiidinf Nexus. 

" The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient form To say that it more than sustains all comparisons is praise of the 
highest Sort, ai u thkt may justly be said of it ' — Minititr yourual. 

"There is certainly room or tne new comer. whicJi sui)pHes explanations and d'rections, as- 
well as formula; and tables. It deserves to become one of the most successful of the technical 
annuals. ' '—'A rch itect. 

Brings together with great skill all the technical information which an engineer has to use- 



day by day. It is in every way admiralty equipped, and is «iire to prove successful."— 5f<?/j»i««n, 
"The up-to-dateness of Mr. Kempes compilation is n ( ■■■-■■— ... .. . _ 

people for whom the work is intended."— (f/oiir''^ Herald. 



Bortahle Engines. 

THE PORTABLE ENGINE: ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dysom Wamsbrouom. With 90 Illustra- 
tions. Crown 8vo, 3s. 6d. cloth. 
** This b a work of value to those who use steam machbenr* • . < Shoukl be read by erery^ 
one who has a steam engine, on a farm or elsewhere."— A/ar* Lmne Exprtss. 

" We cordially commend this work to buyers and owners ot steam engines, and to those who 
have to do with their construction or use."— Timber Trades journal. 

" Such a general knowledge of the steam engine as Mr.'Wansbrough famishes to the reader 
■hook) be acquired by all intelhgent owners and others who use the steam engine. "—Buildings News. 

" An excellent text- book of this useful form of ergin". ' Th^ Hints to Purchasers' contain » 
good deal of commonsense and practical wisdom. "— is «ir/u A Mechanic, 

Iron and Steel. 

" IRON AND STEEL *' ; A Work for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-taktrs; Managers of Bar, Rail, Plate, and Shectt 
Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects. Contractors, 
Builders, and Professional Draufbtsmen. By Charlbs Hoars, Author ot 
"The Slide Rule," &c. Eighth Edition, Revised throughout and considerably 
Enlarged. 32mo. 6s. leather. 

*' For comprehensiveness the book has not its equal." — Iron. 
" One of the tiest of the pocket books."— f^t^irA Mechanic. 

**We cordially recommend this tx)ok to those engaged in coosldevlnc fibe details of all kinds oih 
i ron and steel works."— A'««ai ScieMc». 

Elementary Mechanics. 

CONDENSED MECHA NICS. A Selection of Formulae, Rules^ 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department. 
Bv W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, ss. 6d. cloth. 

•• The book is well fitted for those who are either confronted with practical problems in theia 
work, or are preparing for examination and wish to refresh their knowledge by going through thei» 
formuke again."— il/an"«^ Eugiueer. 

** It is well arranged, and meets the wants of those for whom it is intended."— JEat/zMO' Ntws 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-usera. By an Enginebr. Sixth Edition. Sewed, 6d. 
" If steam-users would but learn this little book by heart, boiler explosions would becosM* 
— n sstio n s by their rarity."— fytf'/ilxA Mechanic 

Warming. 

HEATING BY HOT WATER; with Information and Sug. 
gestions on the best Methods of Heating Public, Private and Horticultura> 
Buildings. By Walter Jones. Second Edition. With 96 Illustrations^. 
Crown 8vo, 2S, 6d. net. 

•• w«> ronfidently recommend all interested In heating by hot water to secuc a copy of th}» 
valuable Uttle treatise."— 7Vi« Plumber and Decorator. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 
("Thb Bnginb Drxter's Frxbmd'O' 

Loeamotive'jEngine Driving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manual fov 
EngHuuers in chargt of Locomotive Engints. By Michaxl Rbynox^s, Membei 
of the Society of Enrineers, formerly Lcx;omotive Inspector L. B.and S.C. R. 
Ninth Edition. Including a Kby to the Locomotivb Emoimb. With Illus- 
trations and Pqrtrait ot Author. Crown 8vo, 4s. 6d. clotn. 
"Mr. Reynolds has supplied a want, and has supplied it welL We can confidently recommend 

the book, not only to the practical driver, but to everyoiie who takes an interest in the performance 

of locomotive engines."— rA« Engineer. 

*' Mr. Reynolds has opened a new chapter in the Bteratnre of the day. This admirable practical 

treatise, of the practical utility of which we have to speak In tenns of warm commendation."— 

" Evidently the work of one who knows his sobject tiioronghly."- Railway Service GasetU. 
"Were the cautions and rules given in the book to become part of the every-day working of 
oar engine-drivers, we miKht have fewer distrKsing accidents to d^lore."— «Sa«r»MM. 

8tatiana/ry JEngine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Bn^murs in charge of stationary Emms, By Michael Rbynolds* Fiftb 
Edition. Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6d. cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various pointa 

treated Is clear and practical . . . He has produced a manual which ia an exceeding^ useful 

ooe for the class for whom it is specially intended."— fi^M<»r(»f. 

•• Our author leaves no stone unturned. He is determined that his readers shall not only know 

•omething about the sutionary engine, but all about it."— Eneineer. 

"An engineman who has mastered the contents of Mr.Reynolds's book will require but Rttle actual 

•zperience with boilers and engines before he can be trusted to look after ibiem."—£H£lishMeeft0nic. 

The Engineer, Firemanf and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
BNGINB'BOY, Comprising a Historical Notice of the Pioneer Locomotive 
En^es and their Inventors. By Michael Reynolds. With numeroas Illus- 



trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 

" From the technical knowledge of the author it will appeal to the railway man of to-day moaa 
forcibly than anything written by I>r. Smiles. . . . The volume conttins mformation of a tech- 
nical land, and Micts uiat every driver should be bmiliar with."— £*%f/irA Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who has 
ever hud, or is to lay, hands on a locomotive engine."— /tmv. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES r A Practical Treatise on 

the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numeroas Tables. By Michael 
Reynolds* Large crown 8vo, 9s. cloth. 
" A popular explanation of the different brakes. It will be of great assistance fa formfag pnbHc 

3>inion. and will be studied with benefit by those who take an faterest fa the brake."— S«tf/<rA 
echanic. 
"Written with sufficient technical detail to enable tbm principle and relative connection of the 
various parts of each particular brake to be readily gaspoa,"—Meckanicml JVorld, 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers. By Michael Reynolds. Third 
and Cheaper Edition. Crown 8vo, is. 6d. cloth. [Just published, 

"From first to last i>erfectly fiiscinating. Wilkie Collins's most tiirOling conospnons are thrown 
Into the shade by true faddents, endless m their variety, related fa every page."— /VorrA British MaiL 
"Anyone who wishes to get a real insight fato railway life cannot do better than read * Engine- 
Driving Life' for himself ; and if he once take it up he will find that the author's enthusiasm and real 
love ofmeenginoi driving profaasionwifl carry him on tJB he has read every pago."--SglMrrf<|yJg«i^(n». 

Bochet Companion for Enginemen. 

THE ENGINEMAN*S POCKET COMPANION AND PRAC- 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five Illustra- 
tions and numerous Diagrams. Third Edition, Revised. Royal iSmo, 3s. 64., 
strongly bound for pocket wear. 
"This admirable work is well suited to accomplish its object, being the honest workmansltlp of 

a competent engfaeer." — Glasgvw Herald. 

*' A most meritorious work, givfag in a succfact and practical form all the Information an eogtae* 

adnder desirous of mastering the scientific prfaciples of his daily calling would require."— rA# 

Miile*'. 

** A boon to those who are striving to become efficient mechanics.' —Daiiy ChronieU, 
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CIVIL ENGINEERING, BXTRVETING, etc. 

MR, HUkTBER'S VALUABLE ENGiNEERINQ BOOKS. 

The Water Supply of Cities and towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humber, A-M.lnst.C.E., and 
M. Inst. M.E., Author of ** Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, z Single Plate, Coloured 
Frontispiece, and upwards oi aso Woodcuts^ and containing; 400 pages of 
Text. Imp. 4to, £6 01. elegantly and subatanUaiUy half-bound m morocco. 
Ltst of Contents, 



I. Rbtoclcal Skatch of mow of the mean* 
that have been adopted for the Supply of Water 
to Cities and Towns.— II. Water and the Fo* 
reten Matter usually associated with it.— III. 
RSafaU -" ' — " • 



Coaduits.~XIII. X>lstribiitloaorWater.--XIV. 
Meters, Service Pipes, and House Fittincs.— 
XV. The Law and Economy of Water Works. 
XVIi Constant and Intermittent SuddIv.— 
XVII. Description of Plates. — A] 



ffivin/ Tables of Rates of Supply. VekKities. 
«c &Cn together with Specifications of seven! 
Works illustrated, among^ which will be found : 
Aberdeen, Bideford, Canterbury, DundecL 
HaliAut. Lambeth. Borherham. Dnbltn, Mid 



I and Evaporation.— IV. Springs and 
the water-bearing formations of various dls* 
tricts.— V. Measurement and Estimattoiv.of the j 
flow of Water— VI. On the Selection of the' 
Source of Supply.— VII. Wells— VIII. Reser- 
voirt.— IX. The Purification of Water.— X. 
Pumps. — XL Pumping Machinery. — XII.' 

" The most systematic and valuable work npon water supply Mtheito praduoed fa English, ov 
In any other language. . . . Mr. Humber s work is characterised almost throughout by an 
•xhaustiveness much more distinctive of French and Gennan than of Fnglish techniod treatues." 
—£fi£ineer. 

" We can congratulate Mr. Humber on havteg been aMe to give so la^e an amount of Infor- 
mation on a subject so important as the water supply of cities and towns. The plates, filty ia 
number, are mostly drawings of executed works, and alone would have commanded the attennoa 
of every engineer whose practice may Ue in this branch of the profession."— /fM^Aifer. 

€kMt and Wrought Iron Bridge Conntruction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROVGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts — Theoretical, Practical, and Descriptive. By 
William Humber, A.M. Inst.C.£., and M.Inst M.E. Third Edition, Re- 
vised and much improved, with 115 Double Plates (30 of which now first 
appear in this edition), and numerous Additions to the Text In Two Vol8.i 
imp. 4to, £6 16s. 6d. half-bound in morocco. 
"A very valuable contribution to the standard literature of civffl engfaeerfag. In addition to 

elevations, plans and sections, large scale details are given which very much enhance the instruct 

tlve worth of ihox iausXra.tioDs"--Civii Et^ineer and Architect's your nal. 

" Mr. Humber's stately volumes, lately issued— in which the most important b iMg e s elected 

during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawk. 

ihaw, Mr. PagcL Mr. Fowler. Mr. Hemans. and others among our moat eminent engia— rsb an 



diawn and specked in great 6gtt^"'-MngiHur, 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SIMILA RSTR UCTURES, AND THEIR STRENGTH. 
Consisting of Formulas and Corresponding Diagrams, with numerous details 
for Practical Application, &c. By William Humber, A-M.Inst.C.E., &c. 
Fifth Edition. Crown 8vo, nearly xoo Woodcuts and 3 Plates, js. 6d. cloth. 
" The formuUe are neatly expressed, and the diagrams good."— A tAenaum. 
" We heartily commend this really Mamfy book to our eng in ee r and architect naden/^Srif- 

B€Nrlow^sStrengthofMateri€Us,enlarged hyHumber. 

A TREATISE ON THE STRENGTH OF MATERIALS: 

with Rules for Application in Architecture, the Construction of Suspension 
Bridees, Railways, &c. By Peter Barlow, F.R.S. A New Edition, Revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments b^ Hodgkinson, Fairbairii, and Kirkaldy ; and 
Formulae for Calculating Girders, &c. Arranged and Edited by Wm. Humber, 
A-M.Inst.C.E. Demy 8vo, 400 pp., with zg large Plates and nomerous Wood- 
cuts, 185. cloth. 
" Valuable aUke to the student, tyro, and tiie experienced ptactltloner. It -wm always rank in 

fbture, as it has hitherto done, as the sUndard treatise on that particular subJecL"— f #v^iNMr. 
" There is no ^xctxet authority than B&rloyr."—BuiUting' News. 
" As a scientific work of the first class, it deserves a foremost place on the bookshelves of ever 

dvil engineer and practical mechanic"— ^n^/if A Mechanic 
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MR. HUMBERTS GREAT WORK OH MODERN ENGlHEgRINQ. 

Complete in Foas Volmnes, imperial 4to, price /it iss., half-morocco. Bach 
Volume sold separately as follows :— ' 

A RECORD OP THE PROGRESS OP MODERN ENGINEER- 
ING. First Sbribs. Comprising Civil, Mechanical, Marine, Hydranlic, 
Railway, Bridge, and other Engineering Works, &c. By William Humbbr, 
A-M.Inst.C.£., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw^ C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £s y, half-morocco. 

List of thf Plates and Diagrams, 
Victoria Station and Roof. L. B. & S. C. R. 

If plates) ; Southport Pier (a plates) ; Victoria 

Station and Roof, L. C. & D. and G. W. R. (6 

plates): Roof of Cremome Music Hall ; Bridge 

over G. N. Railway ; Roof of Station. Dutch 

Rhenish Rail (3 plates); Bridge over the 

" Handsomely iithopaphed and printed. It will find CsTOur with many who desire to ptesenre 

In a permanent form copies of the plans and specifications prepared for the guidance of the oon* 

tractors for many important engineering works. —f^^Mcr., 

HUMBERTS PROGRESS OP MODERN ENGINEERING, 
Sbcond Skkibs. Imp. 4to, with 36 Double Plates, Photographic Portrait qj^ . 
Robert Stephenson, C.E., M.P., r.R.S., &c., and copious descriptive "Letter- 
press, Specifications, &c., £3 35. half-morocco. s*-- 

List of the Plates and Diagrams, 
Bbfcenhead Docks, Low Water Basfai (15 

plates): Charing Cross Station Roof, C. C. 

Railway (a plates); Digswell Viaduct. Great 

Northern RaQway ; Robbery Wood Viaduct. 

Great Northern Railway; Iron Permanent 

Way; Clydach Viaduct. Merthyr, Tredegar, 



Thames, West London Extension Railway q 
plates); Armour Plates: Suspension Bridge^ 
Thames (4 plates); The Allen Engine; Sns> 
1 Bridge. Anm (3 plates)? Undewroond 
r(3Pfaitw). '• .; 



and Abernrenny RaBwiqr; Bbbw VladncC^ 
Merthyr, Tredenr, and Abergarennv Raft- 
way ; CoDc^ Wood Viaduct. Comw^.Rall- > 
way ; Dublm Winter Palace Roof (3 jmtes) ; 
Bridge over the Thames, L. C. & D. KUlway 
(6 plates) ; Albert Harbour, Greenock (4 plates). 
Mr. Humber has done th» profession good and true service, by the fine coilection of eTamples 
fM has hen brought before the profession and the public."— /'rocTKo/ MtchaniUs yaumM^ • 

HUMBERTS PROGRESS OP MODERN ENQINEERING. 
Third Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of 
J. R. M'Clean, late Pres. Inst. C.E., and copious descriptive LetterpresSi 
Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 

Sewer. Reserroir and Outlet (4 plates) ; Ontfidl 

Sewer, Filth Hoist; Sections of Sewers (^octh 

and South Sides). 
THAMES EMBANKMBNT.-F-Sectlon of Rhres 

Wall \ Steamboat Pier, Westmmster (a plates); 

Landing Stairs between Charing Cross and 

Waterloo Bridges: York Gate (a plates); Over-. 

flow and Outlet at Savoy Street Sewer (3 plat^) ; 

Steamboat Pier, Waterloo Bddge (3 plates); 

Junction of Sewers, Plans and Sections 

Gullies. Plans and Sections; Rolling Stock | 

Gtanitn and In» Foits. 



MAIM DftAIHACB, MflTftrtspoLl?; — xVflrtt 
J^.-^^Iap ^owiof lTtten:eptLo;L of Si^vurrs; 

Hi.W]e LeveC Sewer fa pl^TCS}; Oun'^iA s.'^^er, 
GrlJij« over Rivw i^e^C;) pljtti] : Omtal, Sewer, 
Sndj{e over Mirsli Line, fioirth Wo.-Uich 
R^way, mil Bqw lELd B^kin^ K^liJwn}' J u ac- 
tion; Dutfall ^wcTp BriiJgT ovcz Bh-m and 
BvtliL^ kjii?ray {3 pluxesii LiatfiR S.:wer. 
Bridge OTBf Hast Lundan Wa^ r^ i^rk.>>' Hi-r.-.Ieff 
lltiCatei}; CmtCpdJ Sewer, KeaeryiJtf 1:; |.i;.:i[iS); 
OuTfaH Stwp^r. TLLml-.EiTig' Riy ."ir.i !>■.:: Ir- . i Hit- 
faU Sev-r^-r. "■■ . . ■: :.':■ : ■ . -ftJl 

SewoT. Bcr:i.,ii^i.i- iii-ii: Ji {^ i-_i:-j, ; u^ Jail 

" The drawings have a constantly increasing value, and whoever desires to poMess dear repr»> 
sentations of the two great works carried out by our Metropolitan Board will obtain Mr. Humbert 

HUMBERTS PROGRESS OP MODERN ENGINEERING. 
Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait ot 
John Fowler, late Pres. Inst. C.£., and copious descriptive Letterpress, 
Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams, 



Abbey Mns Pumping Station. Main Drain- 
age, Metropolis (4 plates) ; Barrow Docks {< 
plates); Manquis viaduct. Santiago and Val- 
paraiso Railway (z plates) : Adam's Locomo- 
tive, St. Helen's Canal Railway (a plates); 
Cannon Street Sution Roof; Channg Cross 
Railway (3 plates) ; Road Bridge over the River 
Moka (a plates); Tel^n»P^ Apparatus for 



Mesopotamia ; Viaduct over the Rhrar Wi 



V£ 



Midbnd RaUway (3 pUtes) ; St. < 
duct. Cornwall Raflway (a plates); Wrou^^it- 
Iron Cylinder for Diving Bell ; MiUwall Docks 
<6 plates) ; Mihroy's Patent Excavator ; Metro- 
politan District Railway (6 plates) ; HaitHMua, 
Poets, and Breakwaters (3 plates). 



" We gladly welcome another year's issue of tills vahiable pabBcatlon firom the able pen of 
^... Humber. The accuracy and general excellence of this work are well known, while its usefiu* 
aess in giving the measurements and details of some of the latest examples of engineering, as 
eavrled out by the most eminent men in the prolession, cannot be too highly pamd,"^ArfitaH. 
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StaticBf Qraphie and Analytic. 

GRAPHIC AND ANALYTIC STATICS Jn their Practical AfpU' 
cMion to th4 TruUment of Stresses in Roofs, Solid Girders, Lattice, Bowstring 
and Suspension Bridges^ Braced Iron Arches and Piers, and other Frameworks, 
Bt R. Hudson Graham, C.E. Containing Diajsrams and Plates to Scale, 
with nnmerons Examples, many taken from existing Stmctnres. Specially 
arranged for Class- work in Colleges and Universities. Second Edition. Re- 
vised and Enlarged. 8vo, i6s. cloth. 

"Mr. Gnham'i book win find a |>UcewliercT«r graphic snd analytic ttadcsafented or stndiedL* 
^Bnginetr, 

"Theworkiaexcollentftoai apracdcal point of view, and has evidentlr boon prapaied wttk 
arach cat*. The directions for working are ample, and are illustrated by an abundance of well* 
•elected wianiplei. It is an excellent teat-book fbr the practical dranghtHnaa."— j^rtowrwiw. 

I^ractic€a Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Hbnry Law, C.E. 4th Edition, carefully 
Revised bv J. R. Young, formerly Professor of Mathematics, Belfsst College. 
With 13 Plates. 8vo, £1 is. cloth. 
" The engineer or architect will here find ready to Ms hand rales fbraohrfaig nearly every mathe> 

natlcal difficulty that may arise in his practice. The rules are in all cases explained by means of 

e x a mpl es, in which every step of the process is clearly worked ovt."—BuiU€r. 

" One of the most serviceable books for practical mechanics. . . It is an instracthre book foi 

the student, and a text-book for bun who. having once mastered the subjects it treats oi; needs 

occasional^ to refresh his memory upon tbem."—£uadiM£ News, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS. and FORMULM 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pip**, «•<• 
Rivers, With New Formulas, Tables, and General Information on Rainfall, 
Catchment- Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. B7 John Nbville, Civil Engineer, M.R.1. A. Third Ed.,- carefully 
Revised, with considerable Additions. Numerous lUusts. Cr. 8vo, 14s. cloth. 
'* Alike valuable to students and engfaieers fai practice ; its study will prevent the annoyance of 
avoidable foilures, and assist them to select the readiest meuis of successfully carrying out any 
given work connected with hydraulic engineering."— AftMtfv journal. 

" It is, of all EiHi^tish books on tHe subject, the one nearest to completeneM. . . . From the 
good arrangement of the matter, the dear explanations, and abundance of formulae, the carefully 
calculated ubles, and, above all, the thorough acquaintance with both theory and constructioiw 
which is displayed from lint to last, the book will be found to be an arqulsirton.'— ■<< rcMeO. 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of "Aid to Survey Practice," 
"Modem Metrology," &c. Fourth Edition, Enlarged. Large cr. 8vo, x6s. cl. 

" The author has had a wide experience in hydraulic engineering and has been a careful ob* 
server of the facts which have come under his notice, and from the great mass of material at hi& 
command he has constructed a manual which may be accepted as a trustworthy guide to this 
branch of the engineer's profession. We can heartily recommend this volume to all who desire to 
be acquainted with the latest develoDment of this important subject."— £figin€erif^. 

" The standard' work in this department of mechanics." —Scotsman. 

** The most useful feature of this work is its f reedo m from what Is snpefannnated, and Its 
thorough adoption of recent experiments ; the text is. In fitct. In great part a short account of the 
great modem experiments."— AWwr*. 

jyrainage. 

ON THE DRAINAGE OP LANDS, TOWNS, AND BUILD- 
INGS. By G. D. Dbmpsey, C.E., Author of ** The Practical Railway En- 
nneer,'* &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.InsLCB. Author of 
"Tramways: Their Construction and Working," "A Manual of Rules,. 
Tables, and Data for Mechanical Engineers," &c. Second Edition, Cer> 
rected. Fcap. 8vo, 5s. cloth. 
" The new matter added to Mr. Dempsey's excellent work Is characterised by the ccnnprehen- 

rive grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher."— 

jtt/unaum. 

As a work on recent practice In drainage engineering, the book Is to be commended to al> 
.fiofengtt •^^' ' " " ' 



whe are makhig that branch of engineering science their special study."— /r^n.^ 

" A com ■ " ... . . - 

^BMiidin£ 



A comprehensive manual on drainage engineering, and a usefiil introduction to the student.'^ 
■ News. 
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Water Storage, Conveyance, and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of ** Sanitary Work in the Smaller 
Towns, and in Villages," &c. With numerous lUusts. Cr. 8vo, 74. 6d^ cloth. 
" As a small practical treatise on the water sapplv of towns, and on some applications of 

water-power, the work is in many respects excellent.' —^M^'ntfrin^. 

" The author has collated the results deduced from the experiments of the most eminent 

authorities, and has presented them in a compact and practical form, accompanied by very dear 

and detailed explanations. . . . The application of water as a motive power is treated very 

cavefiilly and exhaustively."— Buiider. 

"For anyone who desires to b^in the study of hydraulics with a consideration of the practieal 

applications of the science there is no better guide."— ^frA^cT. 

Itiver Engineering, 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by " Induced Tidal Scour; ** with a Description of the Successful Re- 
duction by this Method of the Bar at Dublin. By I. T. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8vo, 7s. 6d, cloth. 
" We recommend all interested in harbour works— and« indeed, those concerned fa Ae Im. 

tents of rivers generally— to read Mr. Mann's interesting work on the treatment of river 

■Eng%H€er, 

.Trusses. 

TRUSSES OP WOOD AND IRON. Practical Applications oj 
Science in Determining the Stresses, Breaking Weights , Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4<. 6d. cloth. 
** This handy little book enters so minutely fato every detaQ connected with the constzaction of 

roof trusses, that no student need be ignorant of these matters. "-^/Vv«rwa/ Engineer, 

JRaiiway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems. By Clement E. Strbtton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Third Edition, Enlarged. Crown 8vo, 35. 6d 
cloth. 

*' A book for the engfaeer, the directors, the managers ; and, fa short, all who wish for fafomuu 
Clon on railway matters will find a perfect encyclopaedia fa ' Safe Railway Woridng.' "—RaUway 

•< We commend the remarks on railway s^fnaDmg to all railway managers, especially where a 
uniform code and practice is advocated."— //im^o/A'x RaUtuay yourmU. 

** The author may be congratulated on havi^ collected, fa a very convenient form, much 
valuable information on the pnncipal questions amcting the safe working of railways."— .^tf. 
way Engineer. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Gborgb Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.CE. Royal 8vo, los. 
. cloth. 
•* The standard text-book for all eittfaeers regarding skew arches Is Mr. Buck's treatise, and it 
would be impossible to consult a hetter.—EM£rineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and hb treatment has divested the 
tttbject of many of the fatricades supposed to belong to it. As a guide to the engfaeer and archi* 
«ect, on a confessedly difficult sublect. Mr. Buck's work is unsurpassed."— Aaf«US^ /fews. 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS : A 
Practical and Theoretical Essay, By T. H. Watson Buck, M.In8tC.B., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates. Royal 8vo, xss. cloth. 

"Many of the methods given are of extreme practical value to the mason; and the ob sewa dons 

OB the form of arch, the rules for ordering the stone, and the construction of the templates will be 

fmmd of conside r able use. We commend the book to the engfaeering profession.''— lAMC&MnirA'rwf. 

"Will be regarded by civil ensfaeers as of the utmost valuer and calculated to save OHidi liiiie 

and obviate many mistakes."— Catftgry Guardian. 
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Student's Text-Book on Surveying^ 

PRACTICAL SURVEYING : A Text-Book for Students pre- 
paring for Examination or for SnrveT>work in the Colonies. By Georgb 
W. UsiLL, A.M.I.C.B., Author of *'Tne Statistics of the Water sopply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Third Edition, Revised and Enlarged. Including Tables of Natural 
Sines, Tangents, Secants, &c. Crown 8vo, 7s. 6d. cloth : or, on Thin Paper, 
bound in limp leather, gilt edges, rounded corners, for pocket use, 12s. 6d. 
" The best forms of instruments ere described as to their construction, uses and modes off 

•nployment, and there are innumerable hints on woric and equipment such as the author, in his 

•kperfence as surrejror, draughtsman, and teacher, has found necessary, and which Ae student 

In nis inexperience will find most serviceable."— /:M!r*M«rr. 

"rrhe latest treatise in the English language on surrejring. and we have no hesitation hi say- 

Inc tnat the student will find It a better guide than any of its predecessors 

Deserves to be recognised as the first boolc which should be put in the nands of a pujni of Civil 

Engineering, and every gentleman of education who sets out for the Colonies would find it well to 

have a copy.''-~Architta. 

Survey JPra^tice, 

AID TO SURVEY PRACTICE, for Reference in Surveying, LevO. 

ling, and Setting-out ; and in Route Surveys of Travellers by Land and Sea. 

With Tables, Illustrations, and Records. By Lowis D'A. Jackson, 

A.M.I.C.E., Author of "Hydraulic Manual," "Modem Metrology." Ac 

Second Edition, Enlarged. Large crown 8vo, zss. 6d. cloth. 

**A valuable vatU'tneeum for the surveyor. We can recommend tliis book as containing an 
admirable supplement to the teaching of the accomplished surveyor."— A^enauiH, 

" As a tezt-txMk we should advise all surveyors to place It in their libraries, and study well the 
matured instructions afforded in its pages."— Co^Wrry Cuardian. 

" The author brings to his work a fortunate union of theory and practical experience which, 
aidod by a clear and ludd style of writing, renders the book a very useful one."— ^MtfMcr. 

Surveying^ Land and Marine* 

LAND AND MARINE 5C;i?F£y/^G, in Reference to the Pre- 
paration of Plans for Roads and Railways i Canals, Rivers, Towns* Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of "Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr. 8vo, 9s. cl. 
" This book must prove of great value to the student. We have no hesitation in recommend- 

bg it. feeling assured that it will more than repay a careful study. "^MecManicai IVorld. 

" A most useful and well arrAnged book. We can strongly recommend it as a carefully •wiitten 

and valuable text-book. It enjoys a well-deserved repute among surveyors."— i?M^:2i«r. 

" This volume cannot fall to prove of the utmost practical utility. It may be safely recommended 

to an students who aspire to become clean and expert surveyon.''— Jfitot»v y«urruU. 

JPieM'Booh for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON^ 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-band Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. D. Haskoll, C.E. Fourth Edition. Crown 8vo, la*. cloth. 
"The book is very handy ; the separate tables of sines and tangents to every minute will make 
It useful for many other purposes, the genuine traverse tables existing aU the same."— ^/A^M^rwrn. 
"Every person engaged in engineering field operations will estimate the importance of such a 
work and the amount of valuable tune which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume."— ^asJSMiy //ewe. 

Levelling. " 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and CivU 
Engineering, in the Construction of Roads ; with Mr. Telford's Rules for the 
same. By Frederick W. Simms, F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition ofT.Aw's Practical Examples for Setting-out Railway Curves, and 
Trautwinb's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcuts. 8vo, 8s. td, cloth. *«* Trautwinb on Curves 
may ht had separate, 55. 

" The text-book on levelling in most of oar engineering schools and coDeges."— ^^v^N/rr 
** The publishers have rendered a substantial service to the profession, especiaDy to the younger 

members, by bringing out the present edition of Mr. Simms's useAil ynstk,"— Engineer. 



CIVIL ENGINEERING, SURVEYING, eU. 15 

Trigonofnetrical Surveying. 

AN OUTLINE OF THE METHOD OP CONDUCTING A 
TRIGONOMETRICAL SURVEY, for ths Fortnatim of Geographical and 
Topojgrapkical Maps and Plans, Military Reconnaissance, LeveUing, &c., with 
Useful Froblems, Formulas, and Tables. By Lieut-General Froub, R.B. 
Fourth Edition, Revised andpartly Re-written by Major General Sir Charles 
Warrsm, G.C.M.G., R.E. With ig Plates and Z15 Woodcuts. Royal 8vo, z6s. 
cloth. 



B ftct that a fMrth adltloa hat been caned for b th« b«st tMltaMmy to Its merits. 

Mo words of praise from us can strengthen the position so weD and so steadfly mafauained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as irere nec e aai y 
to brin£ every portion of the contents up to the p r e sent data."— ^rvMuT Arrow, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF froRTRESSES, MILITARt MINING, AND RECONNOITRING, By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition. Crown 8vo, with separate Atlas of xa Plates, las. cloth. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting- 
ont of the works, Shaft-sinking and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of tbe work. Bv Frederick W. Simms, F.G.S., 
M.Inst.C.E. Third Edition, Revised and Extended by D. Kinnbar Clark, 
M.Inst. C.B. Imperial 8vo, with az Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

" The esthnation in which Mr. Sfanms's book on tannelHnsr has been held for orer thirty years 

cannot be moretruly expressed than in the words of the late Prof. Rankine :— ' The best source of in* 

formation or the sub)ect of tunnels is Mr.F.W.Simms'swork on Practical TunneUin? .' "—Architect. 

" It has been ref;arded frosi the first as a text-book of the subject. . . . Mr. Clark has added 

immensely to the value of the \iock»"—Engittur, 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Cable Traction, Electric Traction, &c.; a Description of the Varieties of Roll- 
ing Stock ; and ample Details of Cost and Working Expenses. New Edition, 
Thoroughly Revised, and Including the Progress recently made in Tramway 
Construction, &c. &c. By D. Kinnbar Clark. M.Inst.C.S. With numerous 
Illustrations and Folding Plates. In One Volume, 8vo, 7C0 pages, price about 
255. {_Nearly ready, 

" AU interested in tramways must refer to it, as all railway engineers have turned to the author's 

work ' Railway Machinery.'"— fn^'n/rr. 

" An exhaustive and practical work on tramways. In which the history of this kind of looomo- 

tkm, and a description and cost of the various modes of laying tramways, are to be found."— 

Bu*ldin£ News. 

" The best form of rails, the best mode of construction, and the best mechanical appllancdl 

are so fairly indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once to obtain the practical iaibrmation which will be of most service to hfan."— 

AVtaunuH. 

Curves^ Tables for Setting-out. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 5 to 200 Radius, By Alexander Beazeley, 
M.Inst.C.E. Fourth edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
" Each table is printed on a small card, which, betng placed on the theodolite, leaves the hands 

free to manipulate tne instrument— no small advantage as regards the rapidity of yfoxk."—EftgiH€er, 
" Very handy ; a man may know that all his day's work must fall on two of these cards, which 

he puts into his own card-case, and leaves the rest behind."— ,<i(M«MtwOT, 

Farthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. 
Crown 8vo, 5s. cloth. 

•• The way in which accuracy is attained, by a simple division of each cross section Into three 
dements, two in which are constant and one variable, is ingenious.' —Athencntm, 
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Heatf BaopanHan hy. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Kbilt, C.B., Ute of the Indian Public Works and Victoriaa Railway depart- 
ments. Crown 8vo, 31. 6rf. doth. 

SUUUAKT OP COHTBMTS. 



Section I. POKMULASAHDDATa. 

Section II. Mbtal Bars. 
Section III. Siuplb Frames. 
Section IV. Complbz Framss ahd 

Platbs. 
Section V. Thermal Cohductivxtt. 



Section VI. Mbchamxcal Force op 

Heat. 
Section VII. Wore op Bzpamsioh 

AMD COMTRACTIOM. 

Section VIII. Suspbmsiom Bridges. 
Section IX. Masonry Structures. 



** TlM aim tha author has set baCara him, viz., to show th« affects of heat npon metallic and 
•Ihar stractttias. b a l a u da b le one, for thb is a branch of physics upon which tba anginaar oc archi- 
tect can And but little reliable and comprehensive data in hocikt."— Builder. 

" Whoarer is concerned to Imow the effect of changes of temperature on such structur e s aa 
aospensioa bcidsas and the like, could not do better than consult Mr. Kelly's vahiabla and handy 
^apositkm of tha saomatrical principles involTad la these changaai"— ^Ststo i w is . 

Sarthworkf Meastirenient of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.B. With nomerous Diagrams. Second Edition. ' i8mo, as. 6d. cloth. 
" A great amount of practical information, Tery admirably arranged, and available for rough 

eathnates, as well as fbr tha mora exact calculations requiiad in the engineer's and contractorl 

«acai."— M^rMsaM. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OP IRONWORK: with 
Practical Remarks on Iron Construction. By F. W. Sheilds, M.Inst.C.Bi 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
The student cannot find a better Httla book on this subject"— f>v^«MMr. 

Cast Iron and other MetcUs, Strength of, 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IRON AND OTHER METALS. By Thomas Trbdoold. C.E. Fifth 
Edition, inclnding Hodoeinsom's Experimental Researches. Svo, xas. cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLiqUB ARCHES. By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 8s. cloth. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA- 
TION OF THB WEIGHTS OP WROUGHT IRON AND STEEL 
GIRDERSt etc., for Parliamentary and other Estimates. By J. H. Watson 
BucE, M.Inst.CB. On a Sheet, ss. 6d. 

Water Supply and Water-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORKS: A Practical Treatise for the Use of 
Engineers and Students of Engineering. By W. K. Burton, A. M.Inst C £ , 
Professor of Sanitary Engineering in the Imperial University, Tokyo. Japan, 
Engineer to the Sanitary Bureau, Home Department, Japan. To which is 
Appended a Paper on the Effects of Earthquakes on Waterworks, by 
Professor John Milne, F.R.S. With numerous Plates and other Illustra- 
tions. Super-royal 8vo, ass. buckram. IJust published. 
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Docket-Book for Naval Architects and Shipbuilders. 

THE NAVAL' ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables^and MA RINE ENGINEER'S 
AND SURVEYOR'S Handy Book 0/ Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Fifth 
Edition, Revised and Enlarged to 700 pages, with upwards of 300 Illustra- 
tioos. Fcap., 12*, 6d, 8trongl> bound in leather. 
Summary of Contents. 
Signs and Symbols, Decimal Frac- 
tions. — Trigonometry. — Practical 
Geometry. — Mensuration. — Cen- 
tres and Moments of Figures. — 
Moments of Inertia and Radii of 
Gyration. — Algebraical Expres- 
sions for Simpson's Rules. — Me- 
chanical Principles. — Centre of 
Gravity.— Laws of Motion.— Dis- 
placement, Centre of Buoyancy.— 
Centre of Gravity of Ship's Hull. 
— Stability Curves and Metacen- 
TRES. — Sea and Shallow-water 
Waves.— Rolling of Ships.— Pro- 
pulsion AND Resistance of Vessels. 
— Speed Trials. — Sailing, Centre 
OF Effort.— Distances down Rivers, 
Coast Lines. — Steering and Rud- 
ders of Vessels. — Launching Cal- 
culations and Velocities. — Weight 
OF Material and Gear. — Gun Par- 
ticulars AND Weight.— Standard 
Gauges. — Riveted Joints and Rivet- 
ing.— Strength AND Tests of Mate- 
rials. — Binding and Shearing 
Stresses, etc. — Strength of Shaft- 
ing, Pillars, Wheels, etc. — Hy- 
draulic Data, ETC.— Conic Sections, 
Catenarian Curves.— Mechanical 
Powers, Work. — Board of Trade 
Regulations for Boilers and En- 
gines.— Board OF Trade Regula. 



for Boilers.— Lloyd's Weight of 
Chains.— Lloyd's Scantlings for 
Ships.— Data of Engines and Ves- 
sels. - Ships' Fittings and Tests. — 
Seasoning Preserving Timber.— 
Measurement of Timber. — Alloys, 
Paints, Varnishes. — Data for 
Stowage. — Admiralty Transport 
Regulations. — Rules for Horse- 
power. Screw Propellers, etc. — 
Percentages for Butt Straps, etc. 
—Particulars of Yachts.— Masting 
AND Rigging Vessels.— Distances 
OF Foreign Ports. — Tonnagb 
Tables. — Vocabulary of French 
AND English Terms. — English 
Weights and Measures — Foreign 
Weights and Measures. — Decimal 
Equivalents. — Foreign Money. — 
Discount and Wage Tables.— Use- 
ful Numbers and Ready Reckoners 
— Tables of Circular Measures.— 
Tables of Areas of and Circum- 
ferences OF Circles. — Tables of 
Areas of Segments op Circles.— 
Tables of Squares and Cubes and 
Roots of Numbers. — Tables of 
Logarithms of Numbers.— Tables 
of HyperbolicLogarithms. — ^Tables 
of Natural Sines, Tangents, etc, — 
Tables of Logarithmic Sines, 
Tangents, etc. 



tions for Ships.— Lloyd's Rules 

" In these days of advanced knowledge a work like this is of the greatest value. It contains a 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, c^n afford to be without this work."— Natt/tca/ Afaji,raxifte. 

"Should be used by aJl who are engaged in the con&tniction or designs of vessels. . . . WiU 
be found to contain the most useful tables and formulae required by shipbuilders, carefully collected 
from the best authorities, and put together in a popular and simple iorm."—£ngin€er. 

"The professional shipbuilder has now, m a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work." — /rati. 

" There is no douot that a pocket-book of this description must be a neces«dtv m the ship- 
building trade. . . . The volume contains a mass ot useful information clearly expressed and 
presented in a handy {orm,"^MariHe Engineer. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. lamo, 5s. cloth boards. 
" Well adapted to give die young steamship engineer or manne engine and boUor maker a 
general introduction into his practical work."— AfttAawtco/ pyorld. 

" We feel sure that this thoroughly revised edition will continue to be as popular n the Jture 
as it has been in the past, as, for its sice, it contains more useful infurmation than any similar 
treatise. "— Industries. 

" As a compendious and usefu* guide to engineers of our mercantile and royal naval services, 
we shoukl say it cannot be surpassed."— Building- News. 

The information given is both sound and sensible, and well qualified to direct ynnng sea- 
going hands on the straight road to the extra chiefs certificate. . . . Most useful to surveyors, 
- mspectori, draughtsmen, and young engineers."— (r/0.<^vw Herald. 

O 
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Boeket'Book far Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULjE for marine engineers. By Frank Proctok, A.I.NJL 
Third Edition. Royal 331DO, leather,' gilt edges, with strap, 44. 
**We recommand it to our readers ns goiiit: fmr to supply • loof -l^lt r^it " Vnnrg/ frimm. 
*' A iBoet uMftul companion to all luaruM magia0tn."'-l/nifd Sirifict Gmatm, 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marim 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry. &c. &c. With an Appendix of Useful 
Tables. By John Shkrrgn Brewer, Government Marine Surveyor, Hong- 
kong. Second Edition, Revised. Small crown 8vo, 2s. cloth. 

" Contains much valuable information for the class for whom it is intended, especially in the 
chapters on the management of boilers and engines."— A'aK/f'ra/ Afag'atin*, 

"A useful introduction to the more elaborate text-boolcs." — Srets*HaH. 

" To a student «rho has the requisite desire and resolve to attain a thorough Imowiedge, Bfr. 
Brewer offers decidedly useful help."— ^M«N«Mm, 

Navigation. 

PRACTICAL NAVIGATION, Consisting of The Sailor's 
Sba-Book, by James Greenwood and W. H. Rossbr; together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry L\w, C.E., and Professor J. R. Youno. Illustrated, xamo, 7s. 
strongly half-bound. 

Drawing for Marine Engineers, 

LOCKIE'S MARINE ENGINEER'S DRAWING -BOOK. 

Adapted to the Requirements of the Board of Trade Examinations. By 

John Lockib, C.E. With 23 Plates, Drawn to Scale. Royal 3vo, 32. M. 

cloth. 

•* The student who learns from these drawings will hnve nothing to unlearn."— f«^««r. 
" The examples chosen are essentially practical, and are such a.s should prove of service to 
engineers generally, while admirably fulfilling their specific purpose."— A/«cAa»»co/ fVorld. 

Sailmaking. 

THE ART AND SCIENCE OF SAILMAKING. By Samuel 
B. Sadlfr. Practical Sailmaker, late in the employment of Messrs. Ratsey 
and Lapthorne, of Cowes and Gosport. With Plates and other Illustrations. 
Small 4to, i25. 6d. cloth. 

Summary op Contents. 
Chap. I. The Materials used and —VI. On Allowances.— VII. Calcu- 
THEiR Relation to Sails. — II. On . lationofGores.— VIII. On Cutting 
the Centre of Effort.— III. On i Out.— IX. On Roping.— X. On Dia- 
Measuring.— IV. On Drawing.— V. gonal-Cut Sails. — XI. Concluding 
On the Number of Cloths required. | Remarks. 

."Th's work is very ably written, and is illustrated by diagrams and carefully- worked calcula- 
tions. The work should be in the hands of every saihnaker. whether employer or employed, as it 
cannot fail to assist them in the pursuit of their important ;x\ocAX.\on&."—Jsle of IVig^ht Herald. 

" This extremely practical work gives a complete education.in all the branches of the manu- 
facture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and nuxde."— Portsmouth 7'imes. 

" The author of this work has rendered a distinct ser\ice to all interested in the art of sail- 
making. The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, 
. and has devoted years of careful observation and study to the subject ; and the results of the 
experience thus gained he has set forth in the volume before \xi."-^St€a»uAif. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making. Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill, F.E.R. N., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables. Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boards. 

It contains a vast amount of valuable Information. Nothlof leems to be waattog to make it 
a CO nplet3 and standard work of reference on the subJect."-WVaN/^;a>/ MofOMint, 
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BglNINQ AND IfflCTAL LUBGY. 

Mining Machinery, 

MACHINERY FOR METALLIFEROUS MINES: A Practical 
Treatise for Minine Engineers, Metallurgists, and Managers oi Mines. By 
E. Henry Davies, M.B., F.G.S. Crown 8vo, sSo pp., with upwards of 300 
Illustrations, 12s. 6d. cloth. {just publtsHed. 

" Mr. Davies, ia this handsome voluitie, has done the advanced student ana the manafirer of 
mines good service. Almost every kind of machinery in actual uae is carefully described, and the 
woodcuts and plates are good."— A thttueHm. 

" From cover to cover the work exhibits all the same characteristics which excise the confi- 
dence and attract the attention of the student as he peruses the nrst pa^e. Tn« wurk oiay sa ely 
be recommended. By its publication the literature connected with the industry will be enricheu, 
and the reputation of its author enhanced."— J/wiyi"- 'journal. 

" Mr. Davies has endeavoured to bring before his readers th« best of everythintr in m'»dem 
mininsf appliances. His wDrk carries internal evidence of the author's impartiality, and this con- 
stitutes oae of the great merits of the book. Throu:;hout his work the criticisms are based on his 
own or other reliable experience.' —Iron and Steel Trades' y.uimal. 

"The woric deals with nearly eveiy class of machinery or aoparatus llktelv to be met with or 
required in connection with metalliferous mining, and is one which we have every confidence in 
Ticomxasa6xn%."'— Practical bn^ineer. 

MetaUifenyus Minerals and Mining. 

A TREATISE ON METALLIFEROU:> MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, Ac, Author of "A 
Treatise on Slate and Slate Quarrying." Fifth Edition, thoroughly Revised 
and much Enlarged, by his Son, E. Henry Davies, M.E., F.G.S. Witu about 
150 Illustrations. Crown 8vo, t2s. 6d. cloth. 
"Neither the practical miner nor the general reader interested In mines can haw a better book 

for his companion and his guide."— Aft'nvi^ journal. iMiniuf trorta. 

"We are doing our readers a service m calliner their attention to this valuable work." 
" A t)ook that will .lot only be useful to the geologist, the practical miner, and the metallurgist 

but also verj; interesting to the general public."— /ro«. 1. ^ 

" As a history of the present state of mining throughout the workl this book has a rail valtM 

■nd it supplies an actual ynjat."—Atiumntm, 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY 6- OTHER MINERALS AND 
MINING. Bv D. C. Davies, F.G.S., Author of •' Metalliferous Minerals," 
&c. Third Edition, revised and Enlarged, by his Son, E. Henry Davies, 
M.E., F.G.S. With about zoo Illustrations. Crown 8vo, 125. td. cloth. 
" We do not remember to have met with any English work on mining matton thatcontslna 

the same amount of information packed in equally convenient iotva." —Acadtmy. 

" We should be inclined to rank it as among the very best of the handy technlcil and tradas 

manuals which have recently appeared."— AWMxA QuarUrly Review. 

MetaUiferoiis Mining in the United Kingdom. 

BRITISH MINING : A Treatise oh the History, Discovery, PracHeal 
Development, and Future Prospects of Metalliferous Mines in the United ff-n - 
dom. By Robert Hunt, F.R.S., Editor of " Ure's Dictionary of A.-t^, 
Manufactures, and Mines," &c. Upwards of 950 pp.. with 230 ILustftti )2 ■ 
Second Edition. Revised. Super-royal 8vo, £2 2s. cloth. 

"One of the most valuable works of reference of modem times. Mr. Hunt, as Keeper oi M imnc 
Records of the United Kinsfdom. has had opportunities for such a task not enjoyed by anyone else 
and has evidently made the most ot them. . . . The language and style adopted are good, and 
the treatment of the various subjects laborious, conscientious, and scientific."— &»^'nMr«n^. 

"The book is, in fact, a treasure-house of statistical information on mining subjects, and we 
know o( no other work embodying so great a mass of matter of this kind. Were this the only 
merit of Mr. Hunt s volume, it would be sufficient to render it indispensable in the library of 
everyone interested in the development of the mining: and metallurgical industries of this country. 
—At/t€naum. 

" A mass of Information not elsewhere araflable, and of the greatest value to those who may 
be Interested in our great mineral industries."— ^'f^tw''. 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip* 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, an 
their merits compared with other forms of Pumping Machinery. By Stbphbm 
MicHELL. 8vo, 155. cloth. 

"Will be hijgrhly esteemed by coUtery owners and lessees, mining engineers, and students 
generally who require to be acquainted with the best means of securing the drainage of mines. It 
is a most valuable work, and stands almost alone in the literature of steam pumpins machUierv."^ 
CoUiery Guardian. ^^ ' 

" Much valuable Information Is glren. so that the book Is thoroughly worthy of an eztenslTe 
circulation amongst practical men and purchasers of machinery."— JUt'nt^v 7oum»U 
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Prospecting far Oold and other Metals. 

THE PROSPECTOR* S HANDBOOK: A Guide for the Pro- 
mctor and Traveller in Search of Metal-Bearing or other Valuable Minerals 
By J. W. Andbrsom, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Editioui thoroughly Revised and Enlarged. Small 
crown 8vo, 3*. 6d. cloth. 

" Will WffAr a much felt want Mpeclally •xnxmg Colonlsta In whose way ere to often throws 
many mineralogkal specimens the value of which it Is difficult to determine/'— ^«^»«!r. 

'^How to find commercial minerals, and how to identify them when they are found, are tha 
laadinff points to which attention is directed. The author has roanagred to pack as much practical 
detail ttito his pages as would supply material fbc a book three times its ^att,"^MiHin£ J9umal, 

Mining Notes and Formulm. 

NOTES AND FORMULA FOR MINING STUDENTS, By 

iOHN Hbrmah Merivalb, M. a., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, 25. 6d, cloth. 
" Invaluable to anyone who is working up for an exaniinati(» on mining subjects."— /ron ami 
Cms/ TrmtUs Review. 

" The author has done his work In an exceedingly creditable manner, and has produced a booh 
tiiat win be of service to students, and those who are practically engaged in mining operations."'— 
Bnjgituir 

Handyhook for Miners. 

THE MINER'S HANDBOOK : A Handy Book of Reference on 
the Subjects of Mineral Deposits, Mining Operations. Ore Dressing, &c. 
For the Use of Students pnd others interested in Mining matters. Compiled 
by John Milne. F.R S., Professor of Mining in the Imperial University ol 
Japan. Revised Edition. Fcap. 8vo, 75. tel. leather. {.J*iit published. 

" Prof^sor Milne's liandbook is «ure to be received with favour by all connected with minings 
and will be extremely popular among i,tudeats."—^ /Aenaum. 

Miners' and Metallurgists' JPocket^Book. 

A POCKET-BOOK FOR MINERS AND METALLURGISTS. 
Comprising Rules, Formulae, Tables, and Notes, for Use in Field and Office 
Work. By F. Danvers Power, F.G.S., M.£. Fcap. 8vo, 95. leather, gilt 
edges. 

" Thi« excellent bnok is an adm'rable example of its kind, and ouffht to find a large sale 
amrnest Eni;lish-s(>eaktiiir prospectors and mining engineers." — h'nf^iur^n'n/r, 

" Miners and metallurgists will find in this work a useful i>ade-mecum containing a mass of 
rules. formul.-e. tables, and various other information, the necessity for reference to wtiich occurs in 
their daily duties."— J ron. 

Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE t comprising a Treatise on Improved Mining Surveying and the Valua>- 
tion of Mining Properties, with New Traverse Tables. By Wm. Lintbrn. 
Third Edition. Enlarged. lamo, 45. cloth. 

" Mr. Lintem's book forms a valuable and thoroughly trustworthy guide."— /rvM and Ccml 
Trades Review. 

Asbestos and its Uses. 

ASBESTOS: Its Properties, Occurrence, and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, xas. 6d, cloth. 
** An interesting and invaluable work."— C^Z/Krv Guardian, 

Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
Cotton. Nitro-Glycerine, and other Explosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eisslbr, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold," •• The Metal- 
lurgy of Silver," &c. With about 100 Illusts. Crown 8vo, zos. 6d. cloth. 
" Usehil not only to the miner, but also to officers of both services to whom blasting and the 

««e of explosives graierallv may at any time become a necessary auxiliary."— /Vartoif, 

** A veritable mine of informatinn on the subject of explosives employed for military, mining 

jad Masting purposes."- Wrmy and Navy GasetU* 
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OoUiery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, DesiKned as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By C\lsb Pambly, Mining 
Engineer and Surveyor: Member of the North of Bnfl^land Institute of 
Mintng and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining Engint^ers. With nearly ^oo Plans, Diagrams, and other 
Illustrations. Second Edition, Revised, with Additions. Medium 8vo, about 
700 pages. Price £i ^s. strongly bound. 

Summary of Contents. 
Geology. — Search for Coal.— j The Priestman Oil Enginb ; Petro- 
IVfiNERAL Leases and other Hold- leum and Natural Gas— Surveying 
4NGS.— Shaft Sinking.— Fitting Up | and Planning. — Safety Lamps and 
THE Shaft and Surface Arrange- I FireDampDetectors.— Sundry and 
MENTS.— Steam Boilers and their Incidental Operations and Appli- 
IFittings.— Timbering and Walling. | ances.— CollieryExplosions.t-Mis- 
— Narrow Work and Methods of cellaneous Questions & Answers. 
Working. — Underground Convey- 
ance.— Drainage.—The Gases met i4^^«'t4i>: Summary of Report of 
WITH IN Mines: Ventilation.— On , H.M. Commissioners on Accidents 
THE Friction of Air In Mines.— , in Mines. 

♦4* Opinions of the Press. 

" Mr. Pamely has not only given us a comprehen-.ive reference book of a very high order, 
suitable to the requirements of mining engneers and colliery managers, but at the sime time has 
provided mining students with a cLas»-b<Mk that is as interesting as it is iastT\icAve."—CoiItery 
Manager. 

" Mr. Pamely's work is eminently suited to the purpose for which it Is intended— being clear, 
interesting, exhaustive, rich iu detail, and up to date, giving descriptions of the very latest 
machines m every department. ... A mining engineer could scarcely go wrong who followed 
this ■wotii."—CoUitry Guardian. 

" This is the most complete * all round ' work on coal-minin? published in the English 
langua«re. ... No library of coal-mining books is complete wiUiout it."— Colliery Bngrineer 
(Scranton, Pa., U.S.A.). 

" Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsibl* 
position connected with mines should be without a copy."— H^esiminsUr Review. 

4Joal and Iron. 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrenca 
of Iron Ores in Veins or Seams ; Analyses of each Variety : and a History of 
the Rise and Progress of Pig Iron Manufacture. By Richard Mbaob, Assistant 
Keeper of Mining Records. With Maps. 8vo, ^i 8s. cloth. 
'**The book is one «^ich must find a place on the shelves of all interested In ooal and boa 

rpfodnction, and in the iron, steel, and other metallurgical industries."— ^»^'M«<r. 

** Of this book we may unreservedly say that it is the best of its class which we Iwre mwm maC 

... A book of reference which no one engaged ta tiM iron or coal tnules sboukl omit ftom Ui 

•libiaxy."--/rvM and Coal IVatUs Review, 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary TreaHu on. By 
the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations, ismo, 45. cloth boards. 
" As an outHne is given of every known coal-field in this and other countries, as ireH as of the 

.principal methods of worldng, the book will doubtless iaterest a very large number of rnadari." 

'Minin£ yeurnal. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise OH, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.£. lUust. ismo, 3s. cloth boards. 

-Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de Gtologie, Lec- 
turer on Economic Geology at the Birkbeck Institution, &c. With lUnstra- 
tions. Crown 8vo, 2s. 6d. cloth. 

" A clearly and well-written manual on the granite todastry," '-^eotsman. 

" An interesting work, which will be deservedly esteemed."— Cc/Zirry GuartUmn. 

*' An exceedinsrly interesting and valuable monograph on a subject which has hitherto lece i yfl 
unaccountably ttttle attention in the shape of systematic literary treatment."— S^sMrA Ltmdtr. 
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Gold, Metallurgy of* 

THE METALLUhGY OF GOLD : A Practical Treatise on the 

Metallurgical Tieatment of GoJd-bearing Ores. lucluding the Proceb&es of 

Concentration and Cblonnation, andthtr Assaying. Melting, and Refining oi 

Gold. By M. Eissler, Mining Engineer and Metsulurgical Chemist, tormtriy 

Assistant Assayer oi the U.S. Mint, San Francisco. Third Edition, Revised 

and (ireatly Enlarfttd. Witn ]b7 Illustrations. Crown 8vo, 12s. td. cloth. 

" This book thoroughly deserves in title ot a ' Pracncal Treatise.' The whole process of grold 

aalDintt, troui the bieakiiig ui the qunrtz to the a&say of the bullion, is described in clear and 

oroeriy narrative ana with mucn, but hoi too much, fulness of ^xaiL"— 'Saturday Revitu. 

" 1 he work is a storebouae o{ iiifoiination and valuable data, and we strongly recommend it to 
all protessioDal men ecgagea u the gola-mining ladastxjf"—JiHni*i£ yoummL 

Silvetf Metallurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 
the AmalgitTTiation, Roasting, and Lixivlation of Silver Ores. Including the 
Absayinf , M siting and Retining, of Silver Bullion. By M. Eissler. Author 
of "The Metallurgy cf Gold," &c. Second Edition, Enlarged. With 150 
Illustraticns. Crown 8vo, los. 6d. cloth. 
" A practical treatise, and a technical work which we are convinced will supply a long-felt want 

amongst pi«ctical men, and at the same time be of %alue to stuaents and others mduectly connected 

with the industries." — Aliuittg ycurnal. 

" From first to last the book is thoroughly sound and Te1iabl».''—CoUi€ry Guardian. 

" For chemists, practical miners, assayers, and iuvei^tors alike, we do not know of any work 

on the subject so handy and yet so comprehensive."— (ri^sjtf'^sv Htrald, 

JLeadf Metallurgy of, 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 

^rac.icil Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead bullion. Including Reports on various bmelting Establishments and 
Dascriptions of Modern Smelting Furnaces and Plants in Europe and 
America. By M. Eissler, M.E., Author of "The Metallurgy of Goid," Sec, 
Crown bvo, 400 pp., with iHs Illustrations, 135. 6d. cloth. 

'• The numerous metallurgical processes, which are luUy and extensively treated of, embrace 
all the stages experienced in the passag^e of the lead from the various natural states to its issue 
from the refinery as an article'of coniirerce." — Practual Lttg^tueer. 

" The present volume luUy maintains the reputation of the author. Those who wish to obtain 
a thorough insight into the present btate of this industry cannot do better than read this volume^ 
and all mining engineers cannot lail to find many useful hints and suggestions in it."— Jnaustrtts. 
" It is most carefully written and illustrated with capital drawings and diagrams. In fact, iti 
the work of an expert for experts, by whom it will be prized as an indispensable text-book." — 
Bristol Mercury, 

Irofif Metallurgy of. 

METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S., A.R.S.M. With 
numerous Illustrations. Sixth Edition, Revised and Enlarged, xamo, 
Ss. 6d, cloth. 

" Carefully written, it has the merit of brevity and conciseness, as to less important points* 
while all material matters are very fully and thoroughly entered mto."—iitanaard. 

Iron Mining. 

THE IRON ORES OF GREAT BRITAIN AND IRELAND : 

Their Mode of Occurrence, Age, and Origin, and the Methods of Searching 

for and Working them, with » Notice of some of the Iron Ores of Spain. 

By J. D. Kendall. F.G.S.. Mining Engineer. With Plates and Iliustra* 

tions. Crown 8vo. i6s. cloth. 

" The author has a thorough practica knowledge of his subject, and has supplemented a care- 
ful study of the available literature by unpublished mformation derived from his own observations. 
The result is a very useful volume 'which cannot fail to be of value to all interested in the iron 
industry of the country."— Judus/ries. 

" Constitutes a systematic and careful account of our present knowledge of the origin and oc* 
cvrre ice of the iron ores of Great Britain, and embraces a description of liie means employed it^ 
reach ng and working these ores."— Jrcn. 

" Mr. Kendall is a great authority on this subject and writes from personal observation." — 
Colliery Guardian. 

" Mr. Kendall s book is thoroughly well done. In it there are the outlines of the history of 
ore mining in every centre and there is everything that we want to know as to the character of^the 
ores of each district, their commercial \alue and the cost of working theTD.."—Jron and Steel 
Trades journal. 
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M^etricdU Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OP 

MODERN RULES, FORMULAE, TABLES, AND DATA, By H. R. 

Kemps, M.Inst.£.E., A.M.Io&t.C.E., Tecbnical Officer, Postal Telegraphs, 

Author of " A Handbook of Electrical Testing," &c. Second Edition, 

thoroughly Revised, with Additions. With numerous Illustrations. Royal 

32mo. oblong, 55. leather. 

" There is wy little in the shape of fonnulae or data which the electrician It Hk^ to want 
In a huiry which cannot be fAund in it& pages."— PrActical Engituer. 

" A Tcry useful boolc of reference for daily use in practical electrical engineering and its 
various applications to the industries of the present day."— Iron. 

" It is the best book of its Kind."— Electrical Engineer. 

"Well arranged and compact. The ' Electrical Engineer's Pocket- Book ' is a good one."— 
Electrician. 

"Strongly recommended to those engaged in the various electrical industries. "—Jf^/trftOOM 
Jkeview, 

Electric Lighting* 

ELECTRIC LIGHT FITTING : A Handbook for Working 

Electrical Engineers, embodying Practical Notes on Installation Majaage* 

ment. By John W. Urquhart, Electrician, Author of " Electric Light.'* &c. 

With numerous Illustrations. Second Edition, Revised, with Additional 

Chapters. Crown 8vo, 5s. cloth. 

" This volume deals with what may be termed the mechanics of electric lighting, and Is 
addressed to men who are already engaged in the work or are training for it. The work traverses 
a irre«t deal of ground, and may Se read as a sequel to the same author's useful work on ' Electric 
Light' "—Electrician. 

" This is an attempt to state in the simplest language the precautions which should be adopted 
In installing the electric light, and to give information, for the guidance of those who have to run 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
writt9n."—Electrical Review. 

*' We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by linding mathematical formulae which they 
are unable to understand."— f/^c/rtra/ Plant. 

" Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 
an electnc light ip]aDt."—£lectricaJ Engineer, 

" Mr. Urquhart has succeeded in producing a rrally capiul book, which we have no hesitation 
in recommending to the notice of working electricians anil electrical engueers."— Af^cAawilcis/ 
ff^crld. 

Electric IdghU 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 
Directions for the Treatment of Dynamo- Electric Machines, Batteries, 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
"Electric Light Fitting," "Electroplating," &c. Fifth Edition, carefully 
Revised.with Large Additions and 145 Illustrations. Crown 8vo, 75. 6J. cloth. 
" The whole ground of electric lighting is more or less covered and explained in a very clear 
and concise maxmer."— Electrical Review. 

" Contains a good deal of very interest'ng information, especially in the parts where the 
author gives dimensions and working costs."— Electrical Engineer. 

" A miniature vade-mecum of the salient facts connected with the science of electric light- 
ing."— £/*rfr*ria«. 

"You caxmot for your purpose have a better book than 'Electric Light,' by Urquhart."— 
Engineer. 

" The book is by far the best that we have yet met with on the subject."— ^/A<n«MOT. 

Construction of Dynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians-in-Charge. Embracing Frame- 
work Building, Field Magnet and Armature Winding and Grouping, Com- 
pounding, &c. With Examples of leading English, American, and Conti- 
nental Dynamos and Motors. By J. W. Urquhart, Author of "Electric 
Light," "Electric Light Fitting," &c. With upwards of 100 Illustrations. 
Crown 8vo, ys. 6d. cloth. 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 
•ngmeering student can understand them. The book is very readable, and the author leads his 
readers up to difficult subjects by reasonably simple tests."— Engitteering Review. 

" The author deals with his subject m a style so popular as to make his volume a handbook ol 
great practical value to engineer contractors and electricians in charge of lighting installations."— 
Scotsman. 

"'Dynamo Construction' more than sustains the high character of the author's previous 
publications. It is sure to be widely read by the large and rapidly-increasing number of practical 
^Imcttic^UiS."— Glasgow Herald. 

" A book far which a demand has long ta^sX^d.'^— Mechanical World. 
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A New IHctionary of Electricity » 

THE STANDARD ELECTRICAL DICTIONARY, A Popu- 
lar Dictionary of Words and Terms Used in the Practice of Electrical Engi- 
neering. Containing upwards of 3,000 Definitions. By T. O'Connor Sloane 
A.M., Ph.D.. Author of "The Arithmetic of Electricity," &c. Crown 8vo, 
6v) pp., 350 lUustratibns, 7s. td. cloth. \J**st published. 

" The work has many attractive features in it, and is beyond doubt, a well put together and 
useful publtcation. The .iiuouut of g^round covered may be gathered ftx>m the fact that In the 
index about 5,000 references will be found. The inclusion of such comparatively modem words 
as ' impedence,' 'reluctaiue,' &.C., shows that the author has desired to be up to aate, and indeed 
there are other indications uf carefulness of compilation. The work is one which does the author 
great credit and it should prove of great value, especially to %xuA6ni&.''—EUctricaIReinrw. 

" We have found the book very complete and reliable, and can, therefore, commend it 
heartily."— ^tfcAawira/ ff'orld. 

" Very complete and contains a large amount of useful information." — Industries. 
" An encyclopaedia ot electrical science m the compass ot a dictionary. The information 
given is sound and clear. The book is well printed, well illustrated, and well up to date, and may 
Be confidently reroramended." — Euilder. 

*' We hail the appearance of this little work as one which will meet a want that has been keenly 
felt for some time. . . . Tlie autnor is to be congratulated on the excellent manner in which 
he has accomplished his U'^V.'' —Pracical Jinj^iueer. 

" The volume is excellently pruited and illustrated, and should form part of the library 
every one who is directly or indirectly connected with electrical taaxtet^."— Hardware Trade 
yaurtuU, 

Electric Lighting of Ships, 

ELECTRIC SHIP.LIGHTING : A Handbook on the Practical 
Fitting and Running of Ship's Electrical Plant. For the Use of Shipowners 
and Builders, Marine Electricians, and Sea-going Engineers-in-Charge. By 
J. W, Urquhart, C.E., Author of "Electric Light," Sec. With 88 Illustra- 
tions. Crown 8vo, 7s 6d. cloth. 
" The subject of ship electric lighting is one of vast importance in these days, and Mr. Urqu- 

hart is to be highly complimented for placing such a valuable work at the service of the practical 

marine electrician."— 7'A* Steamship. 

" Distinctly a book which of its kind stands almost alone, and for which there should be a 

demand." — EUctrical RevieTtt. 

Electric lAghting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT • 
ING. By Alan A. Campbell Swinton, Associate I.E.E. Third Edition, 
Enlarged and Revised. With 16 illustrations. Crown 8vo, 1$. 6d. cloth. 
"Anyone who desires a short and thoroughly clear exposition of the elementary prindplas of 
electric -lighting cannot do better than read this little work. —Brtuf/brd Observtr, 

Dunamic Electricity, 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson. A.M., Ph.D., Author of " Elements 
of Static Electricity," " The Elements of Electric Lighting," &c. &c. Crowo 
8vo, 417 pp., with 120 Illustrations, los. 6d. cloth. 

Electric Motors^ Ac. 

THE ELECTRIC TRANSFORMATION OF POWER and its 
Application by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, AM., PhD , Author of •' The Elements of Electric Light- 
ing," &c. With 96 Illustrations. Crown 8vo, 7s. 6d. cloth. 

Dynamo Construction. 

HOW TO MAKE A DYNAMO : A Practical Treatise for Amateurs 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Fourth Edition. Revised and Enlarged. Crown 8vo, 25. cloth. 
"The instructions given m this unpretentious little book are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop, to build a practical djmamo machine."— .£/<c^r^rum. 

Text Book of Electricity, 

THE STUDENTS TEXT-BOOK OP ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S. New Edition, carefully Revised. With 
Introduction and Additional Chapters, by W. H. Prbecb, M.I.C.B. 
Crown 8vo, izr. 6d. cloth. 

Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag- 
*'etism, Dia^Magnetism, Electro-Dynamics. By Henrt M. Noad Ph.D., F.R.S. 
Fourth Edition (1859). 8vo £1 4$. cloth. 
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JBuilding Construction. 

PRACTICAL BUILDING CONSTRUCTION : A Handbook 
for Students Preparing for Examinations, and a Book of Reference for 
Persons EogaKed in Building. By John Parnell Allen, Surveyor, Lec- 
turer on Building Construction at the Durham College of Science, Newcastle- 
on-Tyne. Medium 8vo, 430 pages, with 1,000 Illustrations. Z2S. 6d. cloth. 

[Just published. 
•• This volume is one of the most complete expositions of building construction we have seen. 
It contains all that is necessary to prepare students (or the various examinations in building con* 
stxuction."—Bttilding- News. 

" The author depends nearly as much on his diagrams as on his type. The pages suggest 
the hand of a man of experience in building operations— and the volume must be a blessing to 
many teachers as well as to students."— 7~/t« Architect. 

" This volume promises to be the recognised handbook in all advanced classes where bu'lding 
construction is taught from a practical point of vieMr. We strongly commend the book to the 
notice of all teachers of building construction." — Technical World. 

" The woric is sure to prove a formidable rival to great and smaH competitors alike, and bids 
fair to take a permanent place as a favourite students' text-book. The large number of illustra- 
tions deserve particular mention for the great merit thev possess for purposes of reference, in ex- 
actly corresponding to convenient scales."— y^Kr. Inst. Brit. Archts. 

Concrete. 

CONCRETE: ITS NATURE AND USES. A Book for 
Architects, Builders, Contractors, and Clerks of Works. By George L. 
SuTCLiFFE, A.R.I.B.A. 350 pages, with numerous Illustrations. Crown 8vo, 
7s. 6d. cloth. IJust published. 

" The author treats a difficult subject in a lucid manner. The manual fills a long-felt gap. It 
Is careful and exhaustive ; equally useful as a student s guide and a architect's book of reference.' 
— yourttal 0/ Royal Institu.%fH of British Architects. 

" There is room for this new book, which will probably be for some time the standard work on 
Che subject for a builder's purpose."— (^/oj-^irw Herald. 

" A thoroughly useful and comprehensive woric"— British An.hitect. 

Mechanics for Architects* 

THE MECHANICS OF ARCHITECTURE : A Treatise on 
Applied Mechanics, especially Adapted to the Use of Architects. By E. W. 
Tarn, M.A., Author of " The Science of Building," &c. Second Edition, 
Enlarged Illust with las Diagrams. Cr. Rvo, 75. td. cloth. ZJust published, 
" The book is a very useful and helpful manual of architectural mechanics, and really contains 
sufficient to enable a careful and painstaking student to grasp the principles bearing upon the ma- 
jority of building problems. . . . Mr. Tarn has added, by this volume, to the debt of gratitude 
which is owing to him by architectural students for the many valuable works which he has pro- 
duced for their use."— rA^ Builder. 

*' The mechanics in the volume are really mechanics, and are harmoniously wrought in with 
<he distinctive professional manner proper to the subject. Tae diagrams and type are commend« 
4ibly clear."— rA« Schoolmaster. 

The New Builder's JPrice Book, 1894. 

LOCKIVOOD'S BUILDER'S PRICE BOOK FOR 1894. A 
Comprehensive Handbook of the Latest Prices and Data for Builders. 
Architects, Engineers, and Contractors. Re-constructed^ Re-wrUten^ and 
Greatly Enlarged, By Francis T. W. Miller. 700 closely-printed pages, 
crown 8vo, 4s. cloth. 

** This book Is a very useful one, and should find a place ra every English office connectttd with 
the building and engineering ptofessions."— Industries. 

" An excellent book o( reference."— Architect. 

" In its new and revtseu form ttas Pnce Uook is what a work of this k<nd should be— compr»> 
liensive, reliable, well arranged, legible, and well hotiud."— British Architect, 

Designing Buildings. 

THE DESIGN OF BUILDINGS: Being Elementary Notes 
on the Planning, Sanitation and Omamentive Formation of Structures, based 
on Modern Practice. Illustrated with Nine Folding Plates. By W. Wood- 
ley, Assistant Master, Metropolitan Drawing Classes, &c. Demy 8vo, Gs. 
cloth. [Just published. 

Sir Wtn. Chambers's Treatise on Civil Architecture, 

THE DECORATIVE PART OF CIVIL ARCHITECTURE, 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, ¥,SJi, Revised 
and Edited by W. H. Lbbos 66 Plates, 4to, azs. cloth. 
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ViUa Architecture* 

A HANDY BOOK OP VILLA ARCHITECTURS : Being a 
Strin of Designs for Villa Residences in various Styles, With Outline 
Specifications and Estimates. By C. Wickbs, Architect, Author of "The 
Spires and Towers of England." ftc. 6i Plates. 4to. £z ixs. 6d. half-morocco. 
** The whole of the designs bear endence of their betng the work of an urdstic aicbiteo. end 
ttej wis prove very valtiable and lugxresdve."— ^waMtV AHw. 

Text'Book for Architects* 

THE ARCHITECTS GUIDE: BHng a Text-Book of Useful 
Information for ArchitectSi Engineers, Surveyors^ Contractors, Clerks of 
works, &c. &c. By Frsderick Roosrs, Architect. Third Edition. Crown 
8vo, 35. 6d. cloth. 

** As a text-book of useftil infonnatfcm fior architects, engineerSt surveyors, &c. it wmtd be 
hard to find a handier or more complete little volume."— JteMoanri. 

Tiiylar and CJresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OP ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. New 
Edition, thoroiighly Revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Fellow of Queen's College, Oxford, and Chap* 
lain of Gray's Inn. Large folio, with 13c Plates, £3 3s. half-bound. 
" Taylor and Cresy's work has trom its nrst pubhcaaon Deen ranked among those professional 
toooks which cannot be bettered,"— ^rc/ti^rt-/. 

lAnear Perspective. 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. 8vo, 
35. 6d. boards. 

" It is the most intelligible of the treatises on this ill-treated subject that I have met with." — 
E. Ingress Bell. Esq.. in the JiJ.B.A. youmaL 

Architectural JDraufing. 

PRACTICAL RULES ON DRA WING, for the Operative Buildep 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
7S. 6d. boards. 

Vitrut'ius' Architecture. 

THE ARCHITECTURE of MARCUS VITRUVIUS POLLIO. 
Translated by Joseph Gwilt, F.S.A., F.R.A.S. New Edition, Revised by 
the Translator. With 23 Plates. Fcap. 8vo, 5s. cloth. 

Deeigning^ Meeisv/ring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORK. Containmg Directions foi 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities, Originally edited by Edward Dobson, Architect. 
With Additions by B. Wyndham Tarn, M.A. Sixth Edition. With 8 Plates 
and 63 Woodcuts. Crown 8vo, 7s. 6d, cloth. 
" This edition will be found the most complete treatise on the principles of measuring and 
valning artificen' work that lias yet been pubUsbed."— ^Mt^i'n^ JVtwt. 

Pocket Estimator and Technical Guide* 

THE POCKET TECHNICAL GUIDE, MEASURER, AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat* 
ing the parts cf a Building collectively. By A. C. Beaton. Sixth Edit. 
Waistcoat-pocket size, is. 6d. leather, gilt edges. 
" No builder, architect, surveyor, or valuer should be without his ' Beaton.' "—BuUdititrNetus, 

J>onald8on on Specifications. 

THE HANDBOOK OF SPECIFICATIONS: or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed bv eminent Architects and En- 

S'neers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition. 
fo. with upwards of x,ooo page^ of Text, and 3«t Plates. £1 iis. 6d. doth. 
" Valuable as a record, and more valuable still as a book of precedents. . . . Suffice it to 
say that Donaldson's ' Handbook of Specifications ' must be bought by all architects."— ^^Mt/tfrr. 
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B€Mrtholamew and Rogers* SpecifflcatUms* 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
A Guide to the Architect, Engineer, Survejror, and Buildei. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatlv 
added to by Frederick Rogers, Architect. Third Edition, Revised, with 
Additions. With numerous Illustrations. Medium 8vo, X55. cloth. 
" The collection of specifications prepared by Mr. Roeers on the basis of Bartholomew'i work 

b too well known to need any recommendatioo m>m us. it is one of the books with which every 

youne architea must be cq\upp9d,"-^AreMtta, 

Canstructianm 

THE SCIENCE OP BUILDING : An Elementary Treatise on 
the Prwdplet of Construdum, By £. Wyndham Tarn, M.A., Architect 
Third Edition. Revised and Enlarged. With 59 Eneravings. Fcap. 8vo, 44. cl. 
" A very valuable book, which we strongly recommend to all students."— wffM<A<«r. 

House Building and Mepairing. 

THE HOUSE^OWNER'S ESTIMATOR ; or, What wiU it Cost 
to Build, Alter, or Repair? A Price Book for Unprofessional People, as 
well as the Architectural Surveyor and Builder. By J. D. Simon. Edited by F. 
T. W. Miller, A.R.I.B.A. Fourth Edition. Crown 8vo, 3s. 6d, cloth. 
"In two years it will repay us cost a nunared tuws imx.'— Field, 

Cottages and Villas* 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introduction, 
General Explanations, and Description of each Plate. By James W. Booub, 
Architect, Author of " Domestic Architecture," &c. 4to, los, 6d. cloth. 

Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical includmg 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D.,F.R.A.S. Second Edition. Fcap. 
8vo, 55. cloth. 
** A book which Is always amusing and nearly always instructive."— TVmm. 

Sanitary Houses^ etc. 

THE SANITARY ARRANGEMENT OF DWELLING- 
HOUSES: A Handbook for Householders and Owneis of Houses. By A. 
J. Wallis-Tayler, A.M. Inst. C.E. With numerous Illustrations. Crown 
8vo, 25. 6d. cloth. [3t*^t published. 

Ventilation of Buildings. 

VENTILATION. A Text Booh to the Practice of the Art of 
Ventilating Buildings. By W. P. Buchan, R.P. lamo, 4$. cloth. 
" Contains a ereat amount of useful practical information, as thoroughly interesting: as it is 
technically reliable."— ^n'/u A Architect. 

The Art of Blumhing. 

PLUMBING, A Text Book to the Practice of the Art or Craft of 
the Plumber. By William Paton Buchan, R.P. Sixth Edition, Enlarged, 
xamo, 45. cloth. 
"A text-book which may be safely put in the hands of every young pliunber."— ^wtA^rr. 

Geometry for the Architect, JB>ngineer, etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic, Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect. 
8vo, 95. cloth. 

" No book with the same objects in view has ever been published in which the cte amest of the 
lules laid down and the iUustrative diagrams have been so satisfactory."— ^cottmai*. 

2%e Science of Oeometry. 

THE GEOMETRY OP COMPASSES; or. Problems Resolved 
by the mere Description of Circles^ and the use of Coloured Diagrams and 
Symbols, By Olivbr Etrnb. Coloured Plates. Crown 8vo, 3s. 6<^. cloth. 
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OABFENTR Y, TIMB ER, etc. 

lVedgold'8 Carpentry, Mevised ^ Enlarged hyTam. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Eqailibriam of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Unitins Iron and Stone with Timber, &c. To which is added an Bssay 
on the Nature and Properties oi Timber, &c., with Descriptions of the kinds 
of Wood used in Buildmg ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
TRBDOOLD, C.E. with an Appendix of Specimens of Various Roots of Iron 
and Stone, lUustiated. Seventh Edition, thoroughly revised and considerably 
enlarged by £. Wyndham Tarm, M.A., Author ot "The Science of Build- 
ing," &c. with 6z Plates, Portrait of the Anther, and several WoodcnU. In 
One large Vol., 4to, price £i 5s. cloth. 

" Ought to be in every architect's and every buflder't library. "—£«<Mfr. 



" A work whose monumental excellence must commend it wherever skOAil cvpentry b ooa* 
ceriMd. The author's principles are rather confirmed than impaired by time. The add W o n el 
^IMM >n of great intrinsic value."-n^w<Aftfv A#w«. 



Woodworking Machinery. 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powt« RalBi 
A.M.Inst.C.£., M.I.M.E. Second Edition, Revised, with large Additions. 
Large crown 8vo, 440 pp., 9s. cloth. [Just published, 

*' Mr. Bale is evidently an expert on the subject and he has collected so muca ttuormanon that 
book is all-sufficient for builders and others engaged in the conversion of tixobtx."—ArcMitct. 
"The most comprehensive compendium of wood- working machinery we have teen. Tbe 
autlior is a thorough master of his vibj9ct."-~JBHildiH^ Newt. 

Saw MiUs. 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to '* Woodwork- 
ing Machinery.") By M. Powis Balk. Crown 8vo, los. 6d. cloth. 
" The adfntnistratitm of a large sawing establishment Is discussed, and the subtect examined 
from a financial standpoint. Hence the size, shape, order, and disposition of saw-mills and the 
like are gone into in detail, and the course of the tmiber is traced from its reception to its deliveiy 
in its converted state. We could not desire a more complete or practical XxMX»sn»"—Buiider. 

Nichol8on^8 Carpentry. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementarv Principles essential for acquiring a 
knowledge of Carpentry. Founded on the late Pbtbr Nicholson's Standard 
Work. New Edition, Revised bv A. Asmpitbl, F.S.A. With Practical 
Rales on Drawing, by G. Pvmb. With 74 Plates. 410, £1 is. cloth. 

HandraUing and StairbuUding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods tor Finding the Pitch of the Plank, Drawing the 
Moulds. Bevelling, Jointing-up, and Squaring the Wreath. By Gborob 
CoLLiMOS. Second Edition, Revised and Enlarged, to which is added A 
Trbatisb on Stairbuildino. tamo. as. 6d. cloth limp. 

" Win be fbund of practical utiltty tn the execution of this difficult branch ot Joinery. "—JfMJUcr. 

" Almost every difficult phase or this somewhat intricate branch of Joinery is elucidated by the 
aid of idates and explanatory letterpress."-^Mrwt«M*v GoMtttt, 

Circvla/r Work* 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Collinos. With Diagrams. Second Edit, tamo, as. 6d. cloth limp. 
" An excellent example of what a book of thb kind should be. Cheap in price, dear in definl- 
^'on and practical in the examples selected. "—£»i/<&n 

HandraUing. 

HANDRAILING COMPLETE IN EIGHT LESSONS, On 
the Square-Cut System. By J. S. Goldthorp, Teacher of Geometry and 
Building Construction at the Halifax Mechanic's Institute. With Eight 
Plates and over 150 Practical Exercises. 4to, 3s. (d. cloth. 

" Likely to be of considerable value to joiners and others who take a pride in good wofk. 
we heartily commend it to teachers and students."— ■T'tm^r Trades yourttai. 



CARPENTRY, TIMBER, eU. 



Tifnber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 

PANICS . Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, oi all sices, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
nven Price per Petersburg Standard Hundred ; the Price per Cube Foot ex 
Square Timber to any given Price per Load cl 50 Feet; the proportionate 
Value of Deals and Battens by the Standard, to Square Timber by the Load 



ot so Feet ; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any sice, to any given Figure per Cube Foot, Ac. ftc. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cI, 



" Everything is as concise and clear as it can p<>ssiblv be made. There can be no doubt that 
•rery timber merchant and builder oufht to possess it." —Mull Advertiser. 

"We are glad to see a fourth edition of these admirable tables, which for correctness and 
rimpUcit y of arraneement leave nothing to be desired."— TwwAer Trades youmoL 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, Being a Guide 
for the use of Building Contractors, Surveyors, Builders, ftc., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks of 
Wood. Essay on the Strength of Timber, Remarks on the Growth of Timber, 
fte. By W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 
••This handy manual contains much valuable information for the use of timber merchants^ 

baDden, foresters, and all others connected with the growth, sak. and manufacture of timber."— 

ytumaJ ^ Forestry. 

Tifnber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker ; together with a Chapter on " Speeds op Saw 
Mill Machinery," by M. Powis Balk, M.I.M.E., &c. lamo, 35. 6d. cl. boards. 

** A vary useful manual of rules, tables, and memoranda relating to the timber trade. We re* 
commend it as a compendium of calculation to all timber measurers and merchants, and as supply* 
Ing a real want in the tndo."^£uiUli*i£ News, 

Packing-case M€ikers, Tables for. 

PACKING-CASE TABLES ; showing the number of Super, 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 6d. d. 

** Invaluable labour-saving tables."— /nmmMcevr. 

"Win save much labour and calculation."— ^rMcr. 

Superficial Measurem>ent. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in len^, by z to 108 
inches in breadth. For the use of Architects, Surveyors, Ennneers, Timbey 
Merchants, Builders* &c. By Jambs Hawumgs. Fourth Sdition. Fcap., 
3s. 6d. cloth. 
" A useful collection of tables to ftdlitate rapid calculation of surfkces. The exact area of any 
s«fiu» of which the Umits have been ascertained can be instantly determhied. The book wiU be 
fbund of the greatest utility to all engaged in building operations."— SoMlrmaM. 

" These tables will be found of great assistance to all who require to make calculations in supas^ 
lldal measurement."— fftf'^ixA Meckattie, 

Forestry. 

THE ELEMENTS OP FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F. B. 
Hough. Large crown 8vo, los. cloth. 

Tim,ber Importer's Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Net Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. lamo, 2S. cloth limp. 

•* Rverytfaing it pretends to be : built up giaduaDy, it leads one from a forest to a t i — aiil. and 
liiiows In, as a makeweight, a host of material concerning bricks, columns, dstems, 9tz,"— English 
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DECORATIVE ARTS, etc 



Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Burq and P. 
Van der Burq, Directors of the Rotterdam Painting Institution. Royal folio, 
x8i by i2\ in., Illustrated with 24 full-size Coloured Plates; also xa plain 
Plates, comprising X54 Figures. Second and Cheaper Edition. Price £1 ns,6d. 

List of Plates. 
t. Viflom TdvU MctalK^ ^' Wood F&lnt'nf 
— L 1- W lliiMT ; PrelLnimar y Stag es of Criming 

■nd FinLshod Specisnen — 4- Ttm-Cs tisc-i for 

i4t SL Rami >tavLllc: EarN^r " nd 

kbtlfld Specimen ^T. Mclhci^ ng 

; GrAJn$t Knots, fic.—t 



FlnS^hi^ S^cf nurn— ^4. MAbogAnv : S , 

of ?arluu4 Crainiand ntethod^ uf MuupuUtian 

— aa "1. JlaiirtEany : £iiryef SLat<:!:s and, Flat&hed 
Si u- :imBri— »j, a^ 34^ ^itepuw ^fa^lLlleL Vaxifltl«a 
Of tiffin, Prcliiuin4fv Stages and Finlshad 

a- iiiirrn— sj, Bfi, *7. liltlljK:r Wood; MetltlKta 

and Firdi<i]]cti Sijccimen — tA, 9^ ^ Vtn da 
Mer MarhLc: Vlxie^Lcq of (^r*in lad M«thodk 
of Worltcim Unfciished anil FJpvUth^ Spsci' 
mens— V- ^a- ■■* ' '■''''■' '^ ■'rt?.'!.---!.-i' i.^r^in^ Tool* 
Employuvl, aiiu jVicuiuvis oi MaiupuUuoo. Fr«* 
liminary Stages and Finished Specimen— 34. a& 
•6. Waulsort Marble: Varietias of Gniai Ub* 
fialihad and I^nisbad Spedmaiis. 



UmiiiAry SflffS and Finished S^Miz'-MJurn — 10. 
Methodi rtf 5]t*t^;}iin(I NtarLjlB inaim—ji, la. 
Etedie Mirblc ; F5reLLiEiim,Try ^tairas of Worting 
and F4n»ji£d Spirclinieii—tj. MjipEei; Methods 
oFFioducUitf thodtfltrrnttfrAiiM— n, ig. Bird's- 
^w* Mapk: FreliinEnary Stag«i ami Faibtied 

breni Specirt of White ItTarhle^ij, iS. White 
UarfalciE P^limhiary ^cijin nl Phkieu aod 

" Those who desire to attain skUl in the art of palntlngr woods and marbles will find advantaire 
In consulting this book. . . . Some of the Working Men's Qubs should give their young men 
the opportunity to study \t."—BuiUer. 

" A comprehensive guide to the art. The eiqilanatlons of the processes, the manipulation and 
management of the colours, and the beautifully executed plates will not be the least valuable to the 
Student who aims at making his work a faithful transcript of nature."— ^Ms^tfw^ News. 

Wan Taper. 

WALL PAPER DECORATION. By Arthur Seymour 
Jennings, Author of " Practical Paper Hanging.** With numerous Illustra- 
tions. Demy 8vo. [/n preparation. 

Motise Decoration. 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art. Together with PRACTICAL HOUSE DECORA 
TION. By Tames W. Facsy. With numerous Illustrations. In One Vol 
SS. strongly half- bound. 

HotLse Tainting^ Chraining^ etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Sixth Edition 
With Coloured Plates and Wood Engravings, xsmo, 65. cloth boards. 
" A mass of information, of use to the amateur and of value to the practical man."— £#ff-/irA 
Bfechanic. 

I>ecoratorSf Heceipts for. 

THE DECORATOR'S ASSISTANT: A Modern Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fifth Edition, Revised. 152 pp., crown 8vo, is. in wrapper. 
" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 

larger treatises on colour and technical processes. It would be difficult to meet with a work so full 

of varied information on the painter's art. "—^M»/i^t>f^A^mi/f. 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN, 
By J. MoYR Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illustrations, handsomely bound in cloth, gilt top, price i8s. 
The book is well illustrated and handsomely got up, and contahis some true oritidsm and a 
good many good examples of decorative treatment. —rA* Builder, 
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British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British atd 
ForeigH Marbles, A Handbook for Students. By Georgb H. Blaqrovb, 
Author of " Shoring and its Application." &c. With aS Illustrations. Crown 
Svo, 35. 6d. cloth. 

" This most useful and much wanted handbook should be !n the hands of evety architect and 
builder."— ^Ki/rftwi- IVorUL 

" A carefully and usefuUy written treatise ; tiie work is essentially pracdca.V'-'ScotsmaH. 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons, and Students. By Arthur Lee, Author of *' A 
Visit to Carrara," •' The Working of Marble/' &c. Small crown Svo, 2s. cloth. 
" A reatty valuable addition to tint technical literature of architects and maaoas."—Buiid4tig 
News. 



DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS, 



A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
ics Ecercise.and Examples taken from Illuminated MSB., printed in Gold and 
Colours. By F. Dblamottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 
" The examples of ancient MSS. recommended to ttie stu^lent, which, with much mod senasy 

ehe author chooses from collections accessible to all, are selected with judgment andknowledgeb 

as well as XxsXi6.*'^Ath€tutu*n, 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque, Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. &c. Collected and Engraved by F.Dblamotte, and prmted in 
Colours. New and Cheaper Edition. Royal Svo, oblong, as. 6d. ornamental 
boards. 
" For those who Insert enameDed sentences round gilded chaBces, who blaron shop legends ov«f 

shop-doors, who letter church walls with pithy sentences £rem the Decalogue, this book will be use* 

i\iL"—AekeHtnttn. 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental; 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtcmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal Svo, oblong, 25. 6d. ornamental boards. 
" There is comprised in it erery possible shape into which the letters of the alphabet and 

numerals can be formed, and the talent which has been expended in tiie conception of the various 

plain and ornamental letters is voaderfvL"^Standa*'d, 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. B^ F. G. Delamotte. Containing ai Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by T. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards. 
" A volume in which the letters of the alphabet come forth glorified in gildii^ and all the coloun 

of the prism interwoven and intertwined and intermingled."— Jwn. 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal Svo, is, 6d, 
ornamental wrapper. 
The book win be of great assistance to ladles and young chfldren who are endowed with tlie 

art of plying the needle in this most ornamental and useful pretty ^otk,"— East At%£lian Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown Svo, «. in emblematic wrapper. 
•■ The handicraft of the wood-carver, so well as a book can mpwt It; nay be leamt fitom * A 

Lady's' publication."— ^^Ar«<»«»». 



3a CROSBY LOCKWOOD d^ SON'S CATALOGUE. 



NAT URAL SCIENCE , etc. 

Ihe Heavens and their Origin. 

THE VISIBLE UNIVERSE: Chapters on the Origin and 

Construction of the Heavens. By T. E. Gore, F.R.A.S., Author of " Star 

Groups," &c. Illustrated by 6 Stellar Photographs and 12 Plates. Demy 

8vo, x6s. cloth, gilt top. 

" A valuable and ludd summary of recent astronomical tbeofy. rendered more valuable anc) 
attractive by a series of stellar photographs and other illustrations."— J'A^ Times. 

" In presenting a clear and concise account of the present state of our knowledge. Mr. Gor» 
has made a valuable addition to the literature of the subiect."— Mi/Mrr. 

" One of the Anest works on astronomical science that has recently appeared in our language. 
In spirit and in method it is scientific from cover to cover, but the style is so clear and attractive 
that it will be as acceptable and as readable to those who make no scientific pretensions as to 
those who devote ttiemselves specially to matters astronomicaL"— Z.«r(£r Mercury. 

" As interesting as a novel, and instruaive withal ; the text being made still more luminous by 
stellar photographs and other illustrations. . . . Amost valuable book."— AfanrAcx/'fr^xamiVfer. 

The ConsteUations. 

STAR GROUPS: A Student's Guide to the Constellations, By 
J. Ellard Gorb. F.R.A.S., M.R.I. A., &c., Author of " The Visible Universe." 
•• The Scenery of the Heavens." With 30 Mans. Small Ato, 55. cloth, silvered. 
"A knowledge oif the principal constellations visible in our latitudes may be easily acquire<l 
from the thirty maps and accompanying text contained in this work."— Mi/wrir. 

" The volume contains thirty maps showing stars of the sixth magnitude— the usual naked-eye 
limit -and each is accompanied by a orief commentary, adapted to facilitate recognition and bring 
to notice objects of special interest. For the purpose of a preliminary survey of the ' midnight pomp * 
of the heavens, nothing could be better than a set of delmeations averaging scarcely twenty squarv 
inches in area, and including nothing that cannot at once be identified."— ^'a/Mnofa/ Review. 
" A very compact and handy guide to the constellations."— >4/A<ffarMm. 

Astronomical Terms. 

AN ASTRONOMICAL GLOSSARY; or, Dictionary of Terms 
used in Astronomy. With Tables of Data and Lists of Remarkable and 
Interesting Celestial Objects. By ]. Ellard Gore, F.R.A.S., Author of 
" The Visible Universe," &c. Small crown 8vo, ts. 6d. cloth. 
" A very useful little work for banners in astronomy, and not to be despised by more ad- 
vanced student*."— The Times. 

" A very handy book. . . . the utility of which is much increased by its valuable tables of 
astronomical data."— TA* Atheftesum. 

" Astronomers of all kinds will be glad to have it for reference."— C;<arifiVx». 

The Microscope. 

THE MICROSCOPE : Its Construction and Management, in- 
cluding Technique, Photo-micrography, and the Past and Futare cmF the 
Microscope. By Dr. Henri van Heurck. Director of the Antwerp Botan- 
nical Gardens. English Edition, Re-Edited and Augmented by the Author 
from the Fourth French Edition, and Translated by Wynne E. Baxter. 
F.R.M.S., F.G.S., &c. About 400 pages, with Three Plates and upwards of 
250 Woodcuts. Imp. 8vo, x8s. cloth gilt. 

" A tr<insIation of a well-lmown work, at once popular and comprehensive.*'— Times. 
" The translation is as felidtious as it is accurate."— Ao/Mfv. 

Astronomy. 

ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S. 
Third Edition. Revised, by Wm. Thynns Lynn, B.A., F.R.A.S., formerly 
of the Royal Ooservatory, Greenwich, xamo, ss. cloth limp. 
" A sound and simple treatise, and a capital book for banners."— <Howledg».. 
" Accurately Iwought down to the requjrements of the present timm."—£diumtiaMaI Times. 

Recent and Fossil Shells, 

A MANUAL OP THE MOLLUSCA : Being a Treatise on Recent 
and FossU ShelU. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
PalaBontologist in the British Museum. With an Appendix on Recent and 
FossU Conchological Discoveries, by Ralph Tate, A.L.S.t F.G.S. Illustrated 
by A. N. Waterhousb and Ioseph Wilson Lowry. With 33 Plates and 
upwards of 900 Woodcuts. Reprint of Fourth Ed., 1880. Cr. 8vo, 7s. 6d. cl. 
** A most valuable storehouse of conchological and geological Information."— sSnrMor Gossip. 

Geology €ind Genesis. 

THE TWIN RECORDS OP CREATION; or. Geology and 

Genesis : their Perfect Harmony and Wonderful Concord, By Gborgb W. 

Victor lb Vauz. Fcap. 8vo, 5s. cloth. 

" A valuable contribution to the evidences of Revelation, and disposes very conduslveljr of die 
arguments of those who would set God's Works against God s Word. No real difficulty is slurked 
and no sophistry is left unexposed."— rA« Rock, 
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DR. LARDNER'8 COURSE OF NATURAL PHILOSOPHY, 



THE HANDBOOK OP MECHANICS. Enlarged an ttAmost Re- 
written by Benjamin Lobwy, F.R.A.S. With 378 Illastrations. Post 8vo, 
6s. cloth. 
"The perspicuity of the original has been retained, and chapters which had become obsol 

bave been replaced by others of more modern character. The explanations throughout i 

itadiously popular, and care has been taken to show the application of the various branchM oi 

physics to the industrial arts, and to the practical business of \if9." —Afining' youmtU. 

"Mr. Loewy has carefully revised the book, and broujjrht it up to modem requirements."— 

Naiitrt, 

"Natural philosophy has had few exponents more able or better skiDed In the art of popa* 

la>lsfa]gr the subject than Dr. Lardner ; and Mr. Lxiewy is doing good service in fitting this treatlMb 

and the others of the series, for use at the present time." — Scotsmatu 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged, by Benjamin Lobwy, F.R.A.S. With 

336 Illustrations. Post 8vo, 55. cloth. 

"For those 'who desire to attain an accurate knowledge of physical science without the pro- 
found methods of mathematical investigation,' this work is not merely intended, but well adapted." 
•^^htmical News. 

** The volume before us has been carefuDy edited, augmented to nearly twice the bulk of the 
fanner edition, and all the most recent matter has been added. . . . It » a valuable text-book." 
"Naiurt. 

" Candidates for pass examinations wHl find it, we think, specially suited to their requirements. 
SnjrlisM Mechanic 

THE HANDBOOK OF HEAT. Edited and almost entirely Re- 
written by Benjamin Loewy, F.R.A.S., &c. 1x7 Illusts Post 8vo, 6s. cloth, 
" The style is always dear and precise, and conveys Instruction without leaving any cloudiness 

Of lurking doubts hcYuad."— Engineering. 

" A most exhaustive book on the suoject on which It treats, and is so arranged that It can be 

nndetstood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heat."— Standard. 
" A complete and handy text-hook for the use of students and general readers."— ^Mi^/irA 

MeckoMic. 

THE HANDBOOK OF OPTICS. By Dionysids Lardner, D.C.L., 

formerly Professor 01 Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 398 Illustrations. Small 8vo, 448 
psiges, $5. cloUi. 

" Written by one of the ablest English scientific writers, beautifully and elaborately Illustrated. 
^Mechanu^s Mageuiint. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edit, by Georob Caret 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 55. cloth. 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

tadd style of Lardner, while correcting his errors and bringizmr up his work to the present state of 

tdentinc knowledge."— /'0:^/ar Science Revierw. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition, Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
xoo Woodcuts. In One Vol., small 8vo, 550 pages, gs. 6d. cloth. 
>* Probably no other book contains the same amount of information in so compendious and well- 
— ed a form — certainly none at the price at which this is offered to the public." — Atkenttutn, 
Ve can do no other tlian pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general— but at the same time correct— acquaint- 
ance with this sublime science." — Qt*arter(y youmal of Science. 

"One of the most deservedly popular books on the subject . . . We wotild recommend not 
only tiie student of the elementary principles of the science, but he who aims at ina^»^tr<ng the 
hlgber and mathematical branches of astronomy, not to be without this work beside him."— i>rac/«- 
uuMetgyf^n*. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of "Physical Geology," which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S.. F.G.S., &c. With 250 Illastrations. lamo, St. cl. bds. 
** The fulness of the matter has elevated the book Into a manuaL Its informatloo is exhaustive 
■ad ireD amagfid."ScAiwl Board ChronicU, 

D 
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DR. LARDNER'8 MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. With upwards of 1,300 Engrav- 
ings on Wood. In 6 Double Volumes, £1 is. in a new and elegant cloth bind- 
ing ; or handsomely bound in half-morocco, 3x1. 6d. 

%* Opinions of the Press. 

*'Tbls aeries, besides aflbrdingf popular but sound instruction on scientific subjects, with whlcll 
the humblest man in the country ought to be acquainted, also undertakes that teaching of * Com* 
mon Things ' which every well-wisher of his kind is anxious to promote. Many thousand copies of 
this serviceable publication have been printed, in the belief ana hope that the desire for tnstructloa 
and improvement widely prevafls ; and we have no fear that such enlightened &uth will meet wttk 
disappointment."— Tima. 

" A cheap and interesting publication, alike Informhig and attractive. The papers comfataa 
•objects of unportance and great scientific luiowledge, considerable inductive powers^ and a 
popular style of treatment."— i/erttttor. 

" The * Museum of Science and Art ' Is the most valuable contribution that has ever beea 
made to the Scientific Instruction of every class of society."— Six David Brbwstbr, In ttae 
North British Review. 

"Whether we consider the liberality and beauty of the Illustrations, the charm of the writinc. 
or the durable interest of the matter, we must express our belief that there is tiardlv to be found 
among the new books one that would be welcomed by people of so many ages ana classes as m 
valuable present."— £inmMMr. 

*«* Separate books formed from the above, suitable for Workmen's Librarie$, 
Science Classes, etc. 

Common Things Boeplained. Containing Air, Earth, Fire, Water, Tlm0, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illns- 
trations, cloth gilt, 5s. 

The Microscope, Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, clotb 
gilt, 2S, 

Popular Qeology, Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. 201 Illustrations, cloth gilt, as. td. 

Popular Physics, Containing Magnitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 25. 6d, 

Steam, and its Uses, Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Popular Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets. Eclipses, Astronomical Infla- 
ences, &c. 182 Illustrations, cloth gilt, 4s. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, as. 

The Electric Telegraph Popularized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation. xoo Illustrations, cloth gilti 
IS. 6d, 

Dr. Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS, By Dr. Lardnbr. 

328 I^ustrations. Sixth Edition. One Vol., 3s. 64. cloth. 

" A very convenient class-book for junior students in private schools. It is Intended to coatmf 
in clear and precise terms, general notions of all the prmcipal divisions of Physical Science."— 
British QttarUrfy Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnbr. 

With 190 Illustrations. Second Edition. One Vol., 3s. 64. cloth. 
" Clearly written, well arranged, and excellently UlustnXed."— Gardener's Chronide, 

Lardner and Bright on the Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. Z40 Illustrations. Small 
8vo, 25. 64. cloth 
*' One of the most readable books extant on the Electric Telegraiph."— English Mechanic 
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GHEMICAIi MA NUFACTURES , CHEMISTRY. 

Chemistry for Engineers, etc. 

ENGINEERING CHEMISTRY : A Practical Treatise for the 

Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 

Students, and others. Comprising Methods of Analysis and Valuation of the 

Principal Materials used in Engmeering Work, with numerous Analyses, 

Examples, and Suggestions. By H. Joshua Phillips, F.I.C, F.C.S. 

formerly Analytical and Consulting Chemist to the Great Eastern Railway. 

Second Edition, Revised and Enlarged. Crown 8vo, 400 pp., with Illustra> 

tions, los. 6d. cloth. [Just published. 

" In this work the author has rendered no small service to a numerous body of practical men. 

. . . The analytical methods may be pronounced most satisfactory, being as accurate as the 

despatch required of engineering chemists permits."~Chfmual News. 

** Those in search of a handy treatise on the subject of analsrtical chemistry as applied to tha 
•very-day requirements of workshop practice will find this volume of great assistance."— /ro«. 

•• The first attempt to bring forward a Chemistry specially written for the use of engineers, 
and we have no hesitation whatever in saymg that it should at once be in the possession of every 
railway engineer."— 7"A« Railway Engineer. 

" The book will be very useful to those who require a handy and concise resume of approved 
methods of analysing and valuing metals, oils, fuels, &c. It is, in fact, a work for chemists, a guide 
to the routine of the engineering laboratory. . . . The book is full of good things. Asaoand* 
book of technical analysis, it is very welcome."— jffM^U^r. 

" Considering the extensive ground which such a subject as Engineering Chemistry covers, 
the work is complete, and recommends itself to both the practising analyist suid the analytical 
student." — Chemical Trade 'journal, 

" The analytical methods given are, as a whole, such as are likely to give rapid and trust- 
worthy results m experienced hands. There is much excellent descriptive matter in the work, the 
chapter on * Oils and Lubrication ' being specially noticeable in this xes^^ox.."— Engineer. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
By John Lomas, Alkali Manufacturer. Newcastle-upon-Tyne and London. 
With 232 Illustrations and Working Drawings, and containing 390 pages ot 
Text. Second Edition, with Additions. Super-royal 8vo, £1 los. cloth. 
"This book is written by a manulecturer for manufacturers. The working details of the most 
approved fonns of apparatus are given, and these are accompanied by no le^ than asa wood en* 
graTings. all of whicn may be used for the purposes of construction. Every step in the manu- 
facture is very fully described in this manual, ana each improvement explainea."— ^^A«n*M»n. 

" We find not merely a sound and luminous explanation of the chemical principles of the trade, 
but a notice of numerous matters which have a most important bearing on the successful conduct 
of alkali works, but which are generally overlooked by even experienced technological authors."—' 
Chem ical Review. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus. By Lieut.- 
Colonel W. A. Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, 
Revised and Enlarged. Crown 8vo, 55. cloth. 

"The student who goes through the course of experimentation here laid down will gain 
a better insight into inorganic chemistry and mineralogy than if he had 'got up' any of the best 
text-t>ooks, and passed any number of examinations in their coaXVD!is."-'Chemical News, 

Commercial Chem^ical Analysis* 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA^ 
LYSIS; or, Practical Instructions for the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures, in Trades, and in 
the Arts. By A. Normandy, Editor of Rose's " Treatise on Chemical 
Analysis." New Edition, to a great extent Re-written by Henry M. Noad, 
Ph.D., F.R.S. With numerous Illustrations. Crown 8vo, 125. 6d. cloth. 
"We strongly recommend this book to our readers as a guide, alike indispensable to th« 



housewife as to the pharmaceutical practitioner. "—Afi;<f«ra/ Times. 

" Essential to the analysts appomted under the new Ac 
and the work is well edited and carefuJly written."— A'o^Mrv. 



Dye-Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Properties, Applications, Valuations, Impurities, and Sophistications. For the 
use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slatbr. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, ys. 6d. cloth. 
** A complete encyclopaedia of the materia tinctoria. The information ^ven respecttngr each 

article is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clear n ess, and are practical as well as vahiabla."— CA«mu/ 

and Druggist. 

"There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly ua^d."— Chemical News, 
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Modem Brewing and Malting. 

A HANDY BOOK FOR BREWERS: Being a Practical Guide 
to the Art of Brewing and Malting. Embracing the Conclusions of Modem 
Research which bear upon the Practice of Brewing. By Herbert Edwards 
Wright, M.A. Crown 8vo, 530 pp., las. W. cloth. 

" May b« consulted with advantage by th« student who is preparing himself for examinational 
feetts, whue the scientific brewer will find in it a rtsume of all the most important discoveries oi 
modem times. The work is written throughout in a clear and concise manner, and the author takes 
great care to discriminate between vague theories and well-established iActs."—Brevfers' journal. 

"We have great pleasure in recommending this handybook, and have no hesitation in 
saying that it is one of the best— if not the best— which has vet been written on the subject of 
beer-brewing in this country, and it should have a place on the shelves of every brewer's library." 
—Tk€ Brnutr's Guardian. 

" Although the requirements of the student are primarily considered, an acquaintance of halt* 
an-hour s duration cannot fail to impress the practical brewer with the sense of having found a 
trustworthy guide and practical counsellor in brewery ma.Uets."—CAemual Trade yournal. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Their Analysis 
and Valuation. For the U&e oi Chemists and Engineers. By H. J. Phillips, 
F.C.S., formerly Analjrtical and Consulting Chemist to the Great Eastern 
Railway. Second Edition, Revised and Enlarged. Crown 8vo, 55. cloth. 

- Ought to have its place in the laboratory of every metallurgical establishment, and wherereff 
Itaal is used on a large scale."— CA«mf<-a/ Arws. 

"Cannot fail to be of wide interest, especially at the present tixDn."^ Railivay News. 

Pigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations; Efiects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Puritjr Together with the Science and Art 
Department's Examination Questions on Painting. By H. C. Stamdagb. 
Second Edition. Crown 8vo, 25. 6d. cloth. 

" This work is indeed multum-in-^arvo, and we can, with good conscience, recommend It to 
an who come in conuct with pigments, whether as makers, dealers or us»x%,"— Chemical Review, 

Gauging. Tables and Mules for Mevenue Officers, 

Brewers t ^^^* 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition, 
Revised. i8mo, 45. leather. 

** This handy and uselul book is adapted to the requirements of the Inland Revenue Depart* 
Bient. and will be a favourite book of reference."— Cft^»a«. 

" Should be in the hands of every practical brewer."— .^rravrx' youmat. 
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Cotton Spinning. 

COTTON MANUFACTURE : A Manual of Practical Instruc- 
tion in the Processes of Opening, Carding, Combing, Drawing, Doubling 
and Spinning of Cotton, and the Methods of Dyeing and Preparing Goods 
for the Market. For the Use ot Operatives, Overlookers and Manufac- 
turers. By John Lister, Technical Instructor, Pendleton. With numerous 
Illustrations. 8vo, 7s. 6d. cloth. L7««< published. 

Flour Manufacture^ Milling, etc. 

FLOUR MANUFACTURE: A Treatise on Milling Science 
and Practice. Bv Friedrich Kick, Imperial Regierungsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powles, Assoc. Memb. Institution of Civil Engi* 
neeis. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Woodcuts. 
Royal 8vo, 255. cloth. 

** This valuable work is, and will remain, the standard authority on the sdence of milling. . • 
The miller who has read and digested this work will have laid the foundation, so to speak. o7 a suc< 
cesstul career ; he wiU have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text -book of modem millui&:inffood« 
■oand English, which has little, if any, trace of the German idiom."— 7 A^ Mtller. 

*' The appearance of this celebrated work in Ei^lish is very opportune, and British 
wUU w« are sure, not b« stow in availing themselves of its pages."— Jlft/&rj' Gtuiette, 
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Agglutinants. 

CEMENTS, PASTES, GLUES AND GUMS: A Practical 
Guide to the Manufacture and Application of the various Agglutinants re* 
quired in the Building. Metal- Working, Wood-Working and Leather- Work- 
ing Trades, and for Workshop, Laboratory or Office Use. With upwards ot 
900 Recipes and Formulas. By H. C. Standage, Chemist. Crown 8vo, 
2S. 6d. cloth. [Just published. 

" We have pleasure iu speaking favourably of this ▼o!ume. So far as we have had experience, 

which is not inconsiderable, this manual is trustworthy."— ^/A«M<VMm. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 

curiosity among the large number of industries it touches."— Z7(s^ Chronicle. 



" In this goodly collection of receipts it would be strange if a cement for any purpose cannot 
ue lound."— di/a/M Colourman's yourtuU. 

Soap-making. 

THE ART OF SOAP-MAKING: A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from waste Leys. 
By Alexander Watt, Fourth Edition, Enlargea. Crown 8vo, 75. 6d, cloth 
"The work will prove very useftil, not merely to the technological student, but to the practica 

soap-boiler who wishes to understand the theory of his art."— Chemical Ntws. 

"A thoroughly practical treatise on an art which has almost no literature in our language. 

We congratulate the author on Uie success of his endeavour to fill a void in English technicaTliteiaf 

tai^"— Nature. 

Paper Making. 

PRACTICAL PAPER-MAKING: A Manual for Paper-makers 
and Owners and Managers of Papsr-Mills. With Tables. Calculations, &c. 
By G. Clapperton, Paper-maker. With Illustrations of Fibres from Micro- 
Photographs. Crown 8vo, ^s. cloth. [Just published. 
" Tne author caters for the requirements of responsible mill hands, apprentices, &c., wtiilst 
his manual will be found of ^reat service to students of technology, as well as to veteran paper 
makers and mill owners. The illustrations form an excellent feature."— Pa^^r Traie Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
hooli."— Paper Making. 

Paper Making. 

THE ART OF PAPER MAKING : A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw, and other Fibrous Materials. 
Including the Manufacture of Pulp from Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt, 
Author of " The Art of Soap-Making" With lUusts. Crown 8vo. 7s. 6d. cloth. 
" It may be regarded as the standard work on the subject. The book is full of valuable in< 
formation. The ' Art of Paper-making,' is in every respect a model of a text-book, either for a 
technical class or for the private student.*'-'Pa/er and Printing- Trades youmcU. 

IJeather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex- 
plained, and many Recent Processes Introduced ; as also the Methods for 
the Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gat 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," ftc. 
Second Edition. CrowD 8vo, 95. cloth. 

"A sound, comprehensive treatise on tanning and Its accessories. It is an eminently valuable 
production, which redounds to the credit of both author and publishers."— C/wm^os/ Beview. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing, and 
Making, with a Description of the most approved Machinery employed. 
By John B. Lend, late Editor of St. Crispin, and The Boot and Shoe-Maker, 
i2mo, 25. cloth limp. 
•• This excellent treatise Is by far the best work ever written. The chapter oa cHckins. 
which shows how waste may be prevented, will save fifty times the price of the book." 

Scottish Leather Trader, 

Dentistry Construction. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use* 
ful Formulas, Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition. Crown 8vo, 3s. 6d. cloth. 
•• We can strongly recommend Mr. Hunter's treatise to all students preparing for the profcldon 
of dentistry as well as to every mechanical daatist,"—DudliH journal ^ Medical Science, 
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Wood Engraving. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art. By William Noriiam Browm. Second Edition. With 
numerous Illustrations, xamo, is. td. cloth limp. 
*' The book Is clear and complete, and will be useful to anyooe trantfav to tmd«rstand the first 
elements of the beautiful art of wood engravins:."— Grs^Mc. 

Morology, 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunibr, ex-Director of the 
School of Horology at Ma9on, by Julien Tripplin, F.R.A.S., Besan^on 
Watch Manufactuier, and Edward Rigg, M.A., Assayer in the Royal Mmt. 
With 78 Woodcuts and 22 Coloured Copper Plates. Second Edition. Super- 
royal 8vo, £2 25. cloth ; £2 los. half-calf. 
" There is no horolos^ical work in the English language at all to be compared to this produc 
tion of M. Saunier's for cleamess and completeness, it is alike good as a guide for the student and 
H a reference for the experienced horolegist and skilled workman."— //oro/^^ica/ yourtuU. 



The latest, the most complete, and the most reliable of those literary productions to which 

lental watchmakers are indebted for the mechanical superiority over their English brethren 

—in fact, the Book of Books, is M. Saunier's * Treatise.'"— JVaUhmaker, Jeweller andSilvtrtfnith. 



Watchmaking. 

THE WATCHMAKER'S HANDBOOK. Intended as a Work- 
shop Companion for those engaged in Watchmaking and the Allied Mechani* 
cal Arts. Translated from the French of Claudius Saunier, and considera- 
ably enlarged by Julien Tripplin, F.R.A.S., Vice-President of the 
Horological Institute, and Edward RiGG, M. A., Assayer in the Royal Mint. 
With numerous Woodcuts and 14 Copper Plates. Third Edition. Crown 
Bvo, 9s. cloth. 
" Each part is truly a treatise In itself. The arrangement is good and the language Is clear and 

eoaclse. It is an admirable guide for the young watchmaker."— frr^tnr^^ ing. 

*' It is impossible to speak too highly of its excellence. It fulfils every requirement in a hand< 

|>ook Intended for the use ol a workman. Should be found in every workshop."— ^o^M and 

ClockmaMtr. 

" This book contains an immense number of practical details bearing on the daily occupation 

of a ytaXchmkket."— Watchmaker and Metalworker (Chicago). 

Watches and Timekeepers* 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 

By James F. Kendal, M. B.H.Inst, is. 6<j. boards ; or 25. 6^. cloth gilt. 

MMr.jCendal's book, for its size, is the best which has yet appeared on this subject in the 
English language."— /wrfK J/ W«. 

" Open the Dock where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem horologer. The subject is treated in a liberal and entertaining 
spirit, as might be expected of a historian who is a master of the craft."— Saiurdqy Review. 

Electrolysis of Qold^ Silver, Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art. and several Chapters on Electro-Metallurgy. By Alexander 
Watt, Author of " Electro- Metallurgy," &c. Third Edition.Revised. Crown 
8vo, gs. cloth. 
"Eminently a book for the practical worker In electro-deposition. It contains practical 

descriptions of^ methods, processes and materials as actually pursued and used in the workshop." 

—Engineer. 

JSlectro-Metallurgy. 

ELECTRO-METALLURGY ; Practically Treated. By Alexandbr 
Watt, Author of •' Electro-Deposition," &c. Ninth Edition, including the 
most recent Processes. i2mo, 45. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the succMSiul 
ptowcution of electroplating."— /nm. 

Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ING IN GOLD : A Practical Treatise for Masters and Workmen, Compiled 
from the Experience of Thirty Years' Workshop Practice. By George E. 
Gee, Author of "The Goldsmith's Handbook," &c. Cr. bvo, 7s. 6d. cloth. 
" This manual of technical education is apparently destined to be a valuable auxiliary to a 

handicraft which is certainly capable of great improvement."— TJte Times. 

" Very useful in the workshop, as the knowledge is practical, having been acquired by long 

experience, and all the recipes and directions are guaranteed to be sxicccsslvl."— jeweller and 

MiUUuforker. 
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Eliectroplating. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries, and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E., Author of " Electrio 
Light," &c. Third Edition, Revised, with Additions. Numerous Illustra- 
tions. Crown 8vo, 5s. cloth. 
** An excellent practical manMa\."—Efi^ne€r{fi£^, 
** An ezceUent work, gfinnjjr the newest iafotmatioa."—ffaroi^cal youmtU, 

EHectrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Prints 
ing Surfaces and Works of Art by the Electro-deposition of Metals. By J. W. 
Urquhart, C.E. Crown 8vo, ss. cloth. 
"The book is thorougrhly practical. The reader Is, therefore, conducted through the leading 

lawi of electricity, then through the metals used by electrotypers, the apparatus, andthe depositing 

processes, up to the final preparation of the work."— ^rf Journal, 

etoldsfniths* Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. lamo, 35. M. cl. bds. 
*^A food, sound educator, and will be generally accepted as an wOuynty."— Hot clerical 

SUversmiths* Work. 

THE SILVERSMITH'S HANDBOOK, By George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations, zamo. 
3S. 6d. cloth boards. 

" The chief merit of the work is its practical character. . . The workers In the trade will 
■ pa ed ily discover its merits when they sit down to study it,"— Ensrlish Mechanic. 
*#* The above two works together^ strongly half 'bound, prtce js. 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wells, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, zr. cloth. 
" A large numbor of wrinkles for the ordinary cook, as well as the baker."—Sa^rtlny Xevicw, 

Confectionery for Hotels and Bestaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE, 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use, By Robert Wells, Author of " The Bread and Biscuit Baker's and 
Sugar-Boiler's Assistant.*" Crown Svo, 2S. cloth. 
" We cannot speak too highly of this really excellent work. In these days of keen competition 
our r«ulers cannot do better than purchase this book."— i^o-fe^rx' Times. 

Ornamental Confectionery, 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modern Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells, Practical Baker, Author of " The Bread and Biscuit 
Baker's and Sugar-Boiler's Assistant," &c. Crown Svo, cloth gilt, 55. 
"A valuable werk, practical, and should be in the hands of every baker and confectioner. The 
niustrative designs are alone worth treble the amount charged for the whole work."— Sabers' Times. 

Flour Confectionery, 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture. To 
which are added Recipes for Dainties for the Working Man's Table. Bv 
R. Wells, Author of "The Bread and Biscuit Baker," &c. Crown Svo, is. ci. 
** The work is of a decidedly practical character, and in every recipe regard is had to economi- 
cal working."— A'br/A British UaUy Mail. 

Laundry Work, 

LA UN DRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of " The Laundry 
Journal.^' With numerous Illustrations. Second Edition. Crown Svo, 
2S. 6d. cloth. 

•• This book should certainly occupy an honoured place on the shelves of all housekeepea 
who wish to keep themselves au courant of the newest appliances and methods."— TA^ Queen. 
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HAND7B00KS FOR HANDICRAFTS. 

By PAUL N. HASLUCK, 

Editor or "Work" (New Series); Author of "Lathework," "Millimo 

Machines," &c. 

Crown 8vo, 144 pages, cloth, price is. each. 

1^ 7A«5«Handybooks have been written to supply informatum for Vfo^KiOMi 

Students, and Amateurs in the several Handicrafts, on the actual Practice of 



the Workshop, and are intended to convey in plain language Technicai. Kmow- 

he processes employed, and the manipU' 

workshop practice is fully explained ; 
and the' text is freely illustrated with drawings of modern tools, appliances, and 



LEDGE of the several Crafts. In describing the processes employed, and themanipu- 
* :d; ^ '^ ..---: x..„ .,„.„.^. 



lation of material^ workshop terms are usa 

and the t ' "' " 

processes. 



THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Foot-Lathe. With over 100 Illustrations. Price is. 
" The book will be of service alike to the amateur and the artisan turner. It displays thoroucll 

knowledge of the sahjecX.."— Scotsman. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe. With over 100 Illustrations. Price is. 
"We recommend the book to young turners and amateurs. A multitude of workmen havt 

hitherto sought in rain for a manual of this special industrv."— il/«rAaMi<:a/ IVorltU 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning^ Repairing, and Adjusting. With upwards of 100 Illustrations. 
Price IS. 
** We strongly advise all young persons connected with the watch trade to acquire and study 

this inexpensive yioT)t.."—'CUrkenweU ChronicU, 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual on the Construction oi Patterns for Founders. With upwards of 
zoo Illustrations. Price \s. 
" A most valuable, if not indispensable, manual for the pattern maker."— ATnow&^^gif. 

THE MECHANICS WORKSHOP HANDYBOOR. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with useful Notes and Miscellaneous Memoranda! 
Comprising about 200 Subjects. Price is. 
" A very clever and useful book, which should be found in every workshop ; and it should 

certainly find a place in all technical schools."— ^'a/Mrc^o^ Review. 

THE MODEL ENGINEER'S HANDYBOOK. A Practical 
Manual on the Construction of Model Steam Engines. With upwards of xoo 
/llustrations. Price is. 

•' Mr. Hasluck has produced a very good little hooV^"— Builder. 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning, Repairing, and A djusting. With upwards of 100 Illustrations. 
Price IS. 
" It is of inestimable service to those commencing the txa.de."— Coventry Stanelard. 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual on the Tools, Materials, Appliances, and Processes employed in 
Cabinet Work. With upwards of 100 Illustrations. Price is. 

" Mr. Hasluck's thoroughgoing little Handybook is amongst the most practical guides we have 
■een for beginners in cabinet-work."— 3^a/«r«faj' Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL IN- 
STRUCTION. Embracing Information on the Tools, Materials, Appliances 
and Processes employed in Woodworking. With 104 Illustrations. Price is 

IJust published. 

THE METALWORKER'S HANDYBOOK. With upwards of 100 
Illustrations. [/» preparation, 

♦+* Opinions of the Press. 

" Written by a man who knows, not only how work ought to be done, but how to do it, and 
how to convey his knowledge to othtrs." — hngrineeHttg. 

" Mr. Hasluck writes admirably, and gives complete instructions." — Engineer. 

" Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of 
what can be produced at a popular ^xxz^:'— Schoolmaster. 

" Helpful to workmen of all ages and degrees of experience."— i^at/)' Chrvnicl^ 

•• Practical, sensible, and remarkably cheap." — journal qf Edueation. 

" Concise, clear and ^nxXxcal."— Saturday Review. 
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Cotntnercial Education. 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 

the Royal High Commercial School at Genoa. Edited and Revised by jAiiss 

Gault, Professor of Commerce and Commercial Law in King's College, 

London. Crown 8vo, 3s. 6d. cloth. 

" The puUisheis of this work have rendered considerable service to the cause of commercial 

education by the opyortune production of this volume. . . . The work is peculiarly acceptable 

to English readers and an admirable addition to existing class-books. In a phrase, we think the 

work attains its object in furnishing a brief account of those laws and customs of British trade with 

which the commercial man interested therein should be familiar."— CAa»n^«r ofCommerayourrutl. 

•* An invaluable guide in the hands of those who are preparing for a commercial career." 

CoutUing^ House. 

foreign Commercial Correspondence, 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian, and Spanish. By Conrad E. Baker. Second Edition. 
Crown 8vo, 3s. 6d. cloth. 

''Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 
than study this work, the materials of which are excellent and conveniently arranged. They consist 
not of entire specimen letters but— what are far more useful— short passages, sentences, or 
phrases expressmg the same general idea in various torms."—Aekenauvt, 

"A careful examination has convinced us that it is unusually complete, well arranged, and 
reliable. The book is a thoroughly good one." —Schoolmaster. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating of Fac- 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts. &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fblls. Fourth Edition, Revised and En- 
larged. Demy 8vo, 250 pages, 6s. strongly bound. 
"A very interesting description of the requirements of Factory Accounts. . . . the principle 

of assimilatmg the Factory Accounts to the general commercial books is one which we thoroughly 

agree ynth."-~j4a:ouniants' youmal. 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

derive great bwidit from the perusal of this most admirable work."— Z^cs/ Govemmtnt Chronicle, 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Danibl O'Gorman. Corrected and Extended by Professor J. R. Younq. 
Twenty-seventh Edition, Revised by C. Norris. Fcap. 8vo, a*. &<. cloth 
limp; or, 3s. td. strongly half-bound in leather. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 

commerce or manufacturing industry. It is crammed full of rules and formulae for shortening and 

employing calculations."— A>urw/«<i^«. 

Modem Metrical Units and Systems. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of •' Aid 
to Survey Practice,** &c. Large crown 8vo, 12s. 6d. cloth. 

" We recommend the work to all interested in the practical reform of our weights and mea< 
Bttres."— A^a/Mrr. 

The Metric System and the British Standards, 

A SERIES OF METRIC TABLES, in which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, ios. 6<f.stronglv bound. 



Mr. Dowling's Tables are well put together as a ready-reckoner fioc the convenkm of one 
system into the ouier." — Athenaunt. 

Iron and Metal Trades* Calculator* 

THE IRON AND METAL TRADES* COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS. per cwt. to 112s. per cwt., and from one farthing per ponnd to one 
shilling per pound. By Thomas Downie. 396 pp., 9s. leather. 
" A most useful set of tables ; nothing like them before existed."— ^Mift^^vA^flvi. 
"Although specially adapted to the iron and metal trades, the tables will be found meful n 
•reiy other business in which merchandise is bought and sold by weight."— JMAwidr AirtM 



42 CROSBY LOCKWOOD ^ SON'S CATALOGUE. 



Chudwick's C€Uculatar for Numbers and Weights 
Combined. 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calcalations. showing at 
a glance the vaJue at 422 different rates, ranging from rirtb 01 ^ Penny to 
SOS. each, or per cwt., and £20 per ton, of any number o! articles consecu- 
tively, from X to 470.— Any number of cwts., qrs., and lbs., from i cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By 
William Chadwick, PubUc Accountant. Third Edition, Revised and Im- 
proved. 8vo,i8s., strongly bound for Office wear and tear. 
1^ Is adapted for ths use of Accountants and Auditors, Railway Companies, 
CoMol Companus. Shippers, Shipping Agents, General Carriers, etc. Ironfounders, 
Br ass founders. Metal Merchants, Iron Manufacturers, Ironmongers, Engineers, 
Machinists, Boiler Makers, Millwtights, Roofings Bridge and Girder Makers, Colliery 
Proprietors, etc. Timber Merchants, Builders, Contractors, Architects, Surveyors, 
Auctioneers, Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, 
Merchants, and General Wholesale Tradesmen. Also for the Apportionment of 
Mileage Charges for Railway Traffic. 

%* Opinions of the Press. 

" It Is as easy of reference for any answer or any number of answers as a dictionary, and the 
references are even more quickly made. For makingf up accounts or estimates the book must 
prove invaluable to all who have any considerable quantity of calculations involving price and 
measure in any combination to do."—J{n£itteer. 

" The most complete and practical ready reckoner which it has been our fortune yet to see. It 
Is difficult to imagine a trade or occupation in which it could not be of the greatest use, either in 
saving human labour or in checking work. The publishers have placed withm the reach of every 
commercial man an invaluable and unfailing assistant. ''— The Mirier. 

'* The most perfect work of the kind jet prepared."— G/aj^eTW Herald. 

Harben's Com^prehensive Weight Calculator, 

THE WEIGHT CALCULATOR, Being a Series of Tables 
npon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from 1 lb. to 15 tons, at 300 Progressive Rates, from id, 
to x68s. per cwt., and containing x86,ooo Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
•ight), will afford an aggregate of 10,266,000 Answers ; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Hbnrt 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
£1 55. strongly half-bound. 
" A practical and useful work of reference for men of budness generally ; tt b the best of tlw 

kind we nave %tKD."—Ironmonfer. 

"Of priceless value to busmess men. It is a necessary book In all mercantile offices."— sSAf^ 

field Independent, 

Marben*8 Comprehensive IHscount Quide. 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
b^ which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after- allowing one or 
more Discounts : to which are added Tables of Profit or Advance from i^ to 
QO per cent., Tables of Discount from i} to 98I per cent., and Tables of Com- 
mission, &c., from I to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp., £1 5s. half-bound. 

*' A txxde such as this can only be appreciated by business men, to whom the savtaw of time 
■Beans saving of money. We have the high authority of Professor J. R. Young that the tables 
throughout the work are constructed upon strictly accurate principles. The work Is a model 
of typographical clearness, and must prove oi great value to merchants, manufacturen, aail 
general traders."— £HMf A Trade journal. 

Iron Shipbuilders^ and Merchants* Weight Tables, 

IRON -PLATE WEIGHT TABLES: For Iron Shifbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weights of up* 
wards of 150,000 different sizes of Iron Plates, from x foot by 6 in. by \ in. to 
xo feet bv 5 feet by x in. Worked out on the basis of 40 lbs. to the square 
foot of Iron of x mch in thickness. Carefully compiled and thoroughly Re- 
vised by H. BuRLiNsoN and W. H. Simpson. Oblong 4to, 25s. half-bound. 
"This work will be found of great utility. The authors have bad much practical experience 

of what is wanting In making estimates; and the use of the book will save much time In maUng 

elaborate calculations."— fn^/ijA Mechanic. 
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AGRICULTURE, FARMING, G ARDENING, eto. 

Ihr. Fream^s New Edition of *^The Standard 
Treatise on Agriculture.'* 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT: A Compendium oi Husbandry. Originally 
Written by William Youatt. Thirteenth Edition, entirely Re-written, 
considerably Enlarged, and brought up to the Present Requirements of 
Agricultural Practice, by William Fream, LL.D., Steven Lecturer in the 
University of Edinburgh, Author of "The Elements of Agriculture," &c. 
Royal 8vo, i,ioo pp., with over 450 Illustrations. £1 iis. 6d. strongly and 
handsomely bound. 

Extract from Publishers' Advertisement. 
'* A treatise that made its original appearance tn the first decade of the century, and that enters 
upon Its Thirteenth Edition before the century has run its course, has undoubtedly established its 
position as a work of permanent value. . . The phenomenal progrress of the last dozen years in the 
rractice and Science of Farming has rendered it necessary, however, that the volume should bo 
re-written,. . . . and for this undertaking the publishers were fortunate enough to secure the 
services of Dr. Frbam. whose high attainments in all matters pertaining to agriculture have been 
so emphatically recc^pnised by the highest professional and official authorities. In carrying 
out his editorial duties. Dr. Fream has been favoured with valuable contributions by Prof. J. 
WORTLEY AXE, Mr. E. BROWN, Dr. BERNARD DVER. Mr. W. J. MALDEN, Mr. R. H. REW, 
Prof. SHELDON, Mr. J. SINCLAIR, Mr. SANDERS SPENCER, and Others. 

" As regards the illustrations of the work, no pains have been spared to make them as repre- 
sentatiT« and characteristic as possible, so as to be practically useful to the Farmer and Grazier." 
Summary of Contents. 



Book I. On the Varieties, Breed- 
ing, Rearing, Fattening, and 
Management of Cattle. 

Book II. On the Economy and Man- 
agement of the Dairy. 

Book III. On the Breeding, Rear- 
ing, AND Management of Horses. 

Book IV. On the Breeding, Rear- 
ing, AND Fattening of Sheep. 

Book V. On the Breeding, Rearing, 
and Fattening of Swine. 

Book VI. On the Diseases of Live 
Stock. 



Book VII. On the Breeding, Rear- 
ing, and Management of Poultry. 
Book VIII. On Farm Offices and 

Implements of Husbandry. 
Book IX. On the Culture and Man- 
agement OF Grass Lands. 
Book X. On the Cultivation and 
Application of Grasses, Pulse, 
AND Roots, 
Book XI. On Manures and their 
Application toGrass Land&Crops 
Book XII. Monthly Calendars of 
Farmwork. 
♦*♦ Opinions of the Press on the New Edition. 
" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the country. We believe 
that it will be found that it has no compeer among the n>any works at present in existence. . . . 
The illustrations are admirable, while the frontispiece, which represents the well-known bull, New 
Year's Gift, bred by the Queen, is a work of ait."— The rimes. 

'* The book must be recognised as occupying the proud position of the most exhaustive work 
of reference in the English language on the subject with which it deais."— A iheitaufn. 

" The most comprehensive guide to modern farm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the Ubrary of every land- 
owner."— Afar* Lane Express. 

" In point of ezhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agri- 
cultural library of itself."- North British Ag^riculturist. 

'* A compendium of authoratative and well-ordered knowledge on every conceivable branch 
of the work of the live stock fanner : probably without an equal in this or any other country." 

Yorkshire Post, 

" The best and brightest guide to the practice of husbandry, one that has no superior— no 

equal we might truly say— among the agricultural literature now before the public. ... In 

every section in which we have tested it, the work has been found thoroughly up to date."— Sell's 

IVeekly Messenger. 

British Farm Live Stock. 

FARM LIVE STOCK OF GREAT BRITAIN. By Robert 
Wallace, F.L.S., F.R.S.E., &c., Professor of Agriculture and Rural Eco- 
nomy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over 120 Phototypes of Prize Stock. Demy 
8vo, 384 pp., with 79 Plates and Maps, 125. td. cloth. 
" A really complete woik on the history, breeds, and management of the farm stock of Great 

Britain, and one which is likely to find its way to the sheWes of every country gentleman's 

library."— rA« Times. 

" The latest edition of ' Farm Live Stock of Great Britain ' is a production to be ptoud of, and 

its issue not the least of the services which its author has rendered to agricultural science." 

Scottish Farmer 
" The book is very attractive . . . and we can scarcely imagine the existence of a farmer 

who would not like to have a copy of this beautiful work."— AfarA Lane Express. 

" A work which will long be regarded as a standard authority whenever a concise history and 

description of the breeds of live stock in the British Isles is xeqwired."- Bell's Weekly Messenger 



44 CROSBY LOCKWOOD «• SON'S CATALOGUE, 

Dairy Farming. 

BRITISH DAIRYING, A Handy Volume on the Work of the 
Dairy-Farm. For the Use of Technical Instruction Classes, Students in 
Agricultural Colleges, and the Working Dairy-Farmer. By Prof j. P. Sheldon, 
late Special Commissioner of the Canadian Government, Author of " Dairy 
Farming," &c. With numerous Illustrations. Crown 8vo, su. 6d. cloth. 
" May be confidently recommended as a useful text-book on dairy (arming."— ji^ricultural 

CaKCtte. 

" Probably the best half-crown manual on dairy work that has yet been produced."— Alt^r/A 

British A^riatUurist. 

" It is the soundest little work we have yet seen on the subject."— 77(« Times. 

Dairy Manual, 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Properties and the Processes of their Production, including a 
Chapter on Cream and the Methods of its Separation from Milk. By John 
Oliver, late Principal of the Western Dairy Institute, Berkeley. With 
Coloured Plates and aoo lUusts. Crown 8vo, 75.6^. cloth. [Just published. 

Agricultural Facts and Figures* 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
B.Sc. Fifth Edition. Royal samo, roan, gilt edges, with band, 4s. 
*' Literally teems with information, and we can cordially recommend it to all connected with 
mpAcultan."— North British AgrieuUurixt, 

8maU Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers. 
By Robert Scott Burn, Author of " Outlines of Modern Farming," &c. 
With numerous Illustrations, crown 8vo, 6s. cloth. 

*'This is the completest book of its class we have seen, imd one which every amateur farmer 
will read with pleasure and accept as a guidt."— Field, 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming E^K^onomy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs, and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half- 
bound, profusely Illustrated, 125. 

" The aim of the author has been to make his work at once comprehensive and trustworthy 
and he has succeeded to a deg^ree which entitles him to much cxtdit, —MomiMg^ Atlverfistr, 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF, 

Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates ; Farm Buildings ; Barn Implements and Ma- 
chines ; Field Implements and Machines ; Agricultural Surveying, &c. By 
Prof. John Scott. In One Vol., 1,150 pages, half-bound, with over 600 Illus- 
trations, 125. 
"Written with great care, as well as with knowledge and ability. The author has done his 

work well ; we have found him a very trustworthy guide wherever we have tested his statements. 

The volume will be of great value to agricultural students."— ^or/k Lane Express, 

Agricultural Text-Book. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Edition, Revised, with Additions. xSmo, 2S. 6d. cloth. 
"A most comprehensive volume, giving a mass of lDSorvaation."—A£'ricuJt$4ral Economist. 
"It is a long time since we have seen a book which has pleased us more^ or which contains 
■och a vast and useful fund of knowledge."— ^^^mos/mmo/ limes. 

Tables for Farmers^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Graziers, Agricultural Students, Surveyors, Land Agents, AuC' 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Third Edition, Revised. 272 pp., waistcoat- 
pocket size, IS. 6d. limp leather. 

" Weighing kss than i oz., and occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole 
of the tables having been revised by Dr. Fream. We cordially recommend it."— Beifs JVeekly 
Messenger. 
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The Management of Bees* 

BEES FOR PLEASURE AND PROFIT: A Guide to the 
Manipulation of Bees, the Production of Honey, and the General Manage- 
ment of the Apiary. By G. Gordon Samson. With numerous Illustrations. 
Crown 8vo, 15. cloth. 
" The intending bee-keeper will find exactly the kind of information required to enable him 

to make a successful start with his hives. The author is a thoroughly competent teacher, and his 

book may be commended.**— Aftfryii^ Post, 

F'arm and Estate Book-keeping, 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, -Revised. Crown 8vo, 35. 6d. cloth boards ; or 25. 6d. cloth limp. 
" The volume is a capital study of a most important subject "—^e>-icT</fMra/ Gasette. 
The younsr farmer, land af^nt, and surveyor will find Mr. Woodman's treatise more than 
repay its cost and fXady.''- Building- News. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year. By Johnson M. Woodman, Chartered Accountant, Author of " Book- 
keeping for Farmers." Folio, js. 6d. half bound. IcuUurt, 
"Contains every requisite form for keepinsf farm accounts readily and accurately."— ^^W' 

Barly Fruits, Flowers, and Vegetables* 

THE FORCING GARDEN ; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits, and Frames. With Illustrations. By Samuel Wood. Crown 
8vo, 35. 6d. cloth. 

" A g^ood book, and fairly fills a place that was in some d^ree vacant.* The book is written with 
gnat care, and contains a great deal of valuable teaciang."—^riUn€rs' Masranrte. 

Qood Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with con- 
siderable Additions, &c., and numerous Illustrations. Crown 8vo, 3s. 6d. cl. • 
"A very gfood book, and one to be highly recommended as a practical guide. The practical 

directions are excellent." — Athetutum. 

" May be recommended to young gardeners^ cottagers, and specially to amateurs, for the 

phis, simple, and trustworthy information it gives on common matters too often neglected."— 

(kfrdener^ ChronicU. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING', or. How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. B^ Samuel Wood, Author of "Good Gardening," &c. 
Fifth and Cheaper Edition, Revised, with Additions. Crown 8vo, 15. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, but to the market grower."— Gardeners' Ma£€urifU. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs' Complete Guide. With lUusts. By S. Wood. Cr.Svo, 35. 6d. cl. 

•* This volume contains a good deal of sound common sense instruction."— ^^rir/'. 

** Full of shrewd hints suid useful instructions, based on a lifetiaoe of experience."— kScMlrman. 

Keceipts for Gardeners. 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2mo, 
IS. 6d. cloth limp. 
" A useful and handy book, containing a good deal of valuable information. "-^M«w«mm. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to " The Garden." Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." izmo, 35. 6d. cloth boards. 
** The most vahiable compendiiun of kitchen and market-garden work published."— Farvwr. 

iJottage Gardening. 

COITAGE GARDENING: or, Flowers, Fruits, and Vegetables or 
SmaU Gardens. By E. Hobday, xsmo, is. 6d. cloth limp. 

"Contains much useful information at a small charge." — Glasgow Herald. 
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AUCTIONEERING, VALUING* LAND SURVEYING 
ES TATE AGENCY, e tc. 

Atictioneer'8 Assistant. 

THE APPRAISER, A UCTIONEER, BROKER. HOUSE AND 
EST A TE A GENT AND VAL UER'S POCKET A SSISTA NT, for the Valua- 
tiOQ for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. Bv John Whebler, 
Valuer, &c. Sixth Edition, Re- written and greatly extended by C. NoRUSi 
Surveyor, Valuer, &c. Royal ssmo, 5s. cloth. 
" A neat and concise book of reference, containing; an admirable and clearty-arranged list of 

prices for inventories, and a very practical piide to determine the value of funuXan,itc."^-Statuiard, 
"Contains a la - - - ... 

sale, or renewal < 

Inventories, and a 

Auctioneertng. 

AUCTIONEERS : THEIR DUTIES AND LIABILTTIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 
8vo, 125. 6d, cloth. 

♦+♦ Opinions of the Press. 

•• The standard text-book on the topics of which it treats."— ./4/A«H««m. 

" The work is one of general excellent character, and fives much information in a compen- 
dious and satisfactory form." — Builder. 

" May be recommended as giving a great deal of information on the law relating to 
auctioneers, in a very readable form."— Z.aw yourtiat. 

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
needs." — Alienors' youmai. 

"Every auctioneer ought to possess a copy of this excellent ■wot)K."—-Iri»Hntongtr. 

'* Of great value to the profession. . . . We readily welcome this book from the fact that tt 
treats the subject in a manner somewhat new to the profession." — Estates GanetU. 

InwooWs Estate Tables. 

TABLES FOR THE PURCHASING OP ESTATES, Freehold, 
Copyhold, ot Leasehold; AnnuiHeSfAdvow&om.etc.^Biid for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodieSi 
for Terms of Years certain, and for Lives ; also for Valuing Reversionary 
Estates, Deterred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 24th Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdok 
Thoman, of the Soci^t^ Cr6dit Mobiiier ot Pans. Crown 8vo, 8i. cloth. 
"Those interested in the purchase and sale of estates, and in the adjustment of compensatkxi 

cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 

eminent service." — Eng-ineerin^r. 

" * Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched 

by large additional contributions by M. Fedor Thoman, whose cardfully arranged Tables cannot 

fail to oe of the utmost utility." — Mining' jou rnal . 

Agricultural Valuer^ s Assistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. A Prac- 
tical Handbook on the Valuation of Landed Estates ; including Rules and 
Data for Measuring and Estimating the Contents, Weights, and Values of 
Agricultural Produce and Timber, and the Values of Feeding Stuffs, 
Manures, and Labour; with Forms of Tenant-Right-Valuations, Lists of 
Local Agricultural Customs, Scales of Compensation under the Agricultural 
Holdings Act, &c. &c. By Tom Bright, Agricultural Surveyor. Second 
Edition, much Enlarged. Crown 8vo, 5s. cloth. 
"Full of tables auid examples in connection with the valuation of tenant-right, , _. 

contents, and weights of timber, and farm produce of all \da&&."—AgricultureU GoMett*. 

" An eminently practical handbook, full of practical Ubies and data of undoubted interest Snd 

value to surveyors and auctioneers in preparing valuations of all kinds.'— Farmer, 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving, and 
Grubbing Plantations and Underwoods, their Valuation for Purposes ot 
Transfer, Rental, Sale, or Assessment. By Tom Bright, Author erf 
•• The AgriculturalValuer's Assistant," &c. Crown 8vo, 3s. 6d. cloth. 
*' To valuers, foresters and agents it will be a welcome aid."— North British AgnaOturisi. 
"Well calculated to assist the valuer in the discharge of his duties, and of undoubted Intn 
and use both to sunrevors and auctioneers in Dreparin«r valuations of all kinds."— ATtfH/ Herutd, 
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Hudson's Land VaZuer's JPocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal ssmo, leathati 
elastic band. 45. 
" Of incalculable value to the country gentleman and professional man."— Farmers' journal 

EiwarVs Land Improver's Bocket-Book, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULyE, 
TABLES, and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Bwart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong 
leather, gilt edges, with elastic band, 4s. 
"A compendious and handy little yoXvxa.'^"— Spectator, 

Complete Agricultural Surveyor's Bocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Being of the above Two Works bound together. 
Leather, with strap, ys. 6d. 

House Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of ail kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and 
Surveyor. Fifth Edition, Enlarged, ismo, 55. cloth. 
•• The advice is thoroughly practicaL"— Z^w youmat. 

" For all who have dealmgs with house property, this is an indispensable gaiA^"— Decoration. 
"Carefully brought up to date, and much improved by the addition of a division on fine 
art. ... A well -written and thoughtful ytox)L."—Land Assent's Record, 
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Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, for the Authorization of Railways, Tramwavs, Works for the . 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, 
M.lnst.C.E. ; Author of " Hints on Water Supply." Demy 8vo, 950 pp., 255. cl. 
" The author's double experience as an engineer and barrister has enabled him to approach 
the subject aUke from an engineering and legal point of ^new."—Loca^ Government Chronicle, 

Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingmam, Assoc.Mem.Inst.C.E.. &c. Demy 8vo, is. 6d, cloth. 

Labour IHsputes. 

CONCILIATION AND ARBITRATION IN LABOUR DIS- 
PUTES : A Historical Sketch and Brief Statement of the Present Position 
of the Question at Home and Abroad. By J. S. Jeans, Author of "England's 
Supremacy," &c. Crown 8vo, 200 pp., 2s. 6d. cloth. {Just published. 

Pocket-Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to 
Sanitary Practice and Law. For Medical Ofl&cers of Health, Sanitary In- 
spectors, Members of Sanitary Authorities, &c. By Edward F. Willoughby, 
M.D. (Lond.), &c., Author of "Hygiene and Public Health." Fcap. 8vo, 
7S. 6d. cloth, red edges, rounded corners. lJ*ist published. 

** A mine of condensed information of a pertinent and useful kind on the various subjects of 

which it treats. The matter seems to have been carefully compiled and arranged for facility of 

reference, and it is well illustrated by diagrams and woodcuts. The different subjects are 

succinctly but fully and scientifically dealt with."— TA* Lancet. 

" Ought to be welcome to those for whose use it is designed, since it practically boils down a 

reference library into a pocket volume. ... It comoines, with an uncommon degree of 

efficiency, the qualities of accuracy, conciseness and compretiensiveness."— ScoArmaw. 

" An excellent publication, dealing with the scientific, technical and legal matters connected 

with the duties of medical officers of health and sanitary inspectors. The work is replete with 

information."— Z,tfc«/ Govemmeut Journal. 
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A Complete Epitome of the Laws of this Country, 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principles of Law and Equity. By A Barrister. Thirty-first Edition, care- 
fully Revised, and including the Legislation ot 1693. Comprising (amongst 
other Acts) the Voluntary Conveyances Act, 1893; the Married Women's 
Property Act, 1893 : the Trustee Act, 1P93 ; the Savings Bank Act, 1893 ; the 
Barbed Wire Act, 189^ ; the Industrial and Provident Societies Act, 1^3 ; the 
Hours of Labour of Railway Servants Act, 1893 ; the Fertiliser and Feeding 
Stuffs Act, 1893, &c., as well as the Betttng and Loans (Infants) Act, 1892: 
the Gaming Act, 7892 ; the Shop Hours Act, 1892 ; the Conveyancing and Real 
Property Act, 1892 ; the Small Holdings Act, 1892; and many other new Acts. 
Crown 8vo, 700 pp., price 6s. %d, (saved at every consultation I ), strongly 
bound in cloth. [Just publistud, 

♦<,♦ The Book will be found to comprise (amongst other matter)-' 

THK RIGHTS AND WRONGS OF INDIVIDUALS— LANDLORD AND TBNANT— VENDORS 
AND PURCHASERS— PARTNERS AND AGENTS— COMPANIES AND ASSOCIATIONS— MASTERS, 

SERVANTS. AND WORKMEN— LEASES AND MORTGAGES LiBBL AND SLANDER— CON. 

TRACTS AND AGREEMENTS- BONDS AND BILLS OF SAI E— CHEQUES, BILLS, AND NOTES— 
RAILWAY AND SHIPPING LAW-BANKRUPTCY \ND INSURANCE— BORROWERS, LENDERS 
AND SURETIES— CRIMINAL LAW- PARLIAMENTARY ELECTIONS- COUNTY COUNCILS- 
MUNICIPAL CORPORATIONS— PARISH LAW, CHURCH-WARDENS, ETC.- PUBLIC HEALTH 
AND NUISANCES— COPYRIGHT AND PATENTS— TRADE MARKS AND DESIGNS- HUSBAND 
AND WIFE, DIVORCE, ETC.— TRUSTEES AND EXECUTORS-GUARDIAN AND WARD, IN- 
FANTS, ETC— GAME LAWS AND SPORTING- HORSES, HORSB DEALING. AND DOGS— iNN* 
KEEPERS, LICENSING, ETC.- FORMS OF WILLS, AGREEMENTS BTC BTC 

iST The object of this work is to enable those who consult it to help them- 
telves to the law ; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer's office as of a lion's den. With this 
booh at hand it is believed that many a Six-and-Eightpkncb may be saved; many 
a wrong redressed; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legfal adviser of all 
classes, and has also made a reputation for itself as a useful booH of reference for 
lawyers residing at a distance from law libraries, who are glad to have at hand a 
work embodying recent decisions and enactments. 

•«* Opinions of thb Press. 

•* It Is a complete code of English Law, written In plain languaffo, which all can understand. 
. . . Should be in the hands ofevery business man. and all who wish to abolish lawyers' bills.' « 
IVeekly Titius. 

" A useful and concise epitome of the law, compiled with considerable care." — Lxtw Magaaine, 

" A complete digfest of the most useful facts which constitute Engrlbh \xw."— Globe. 

"This excellent handbook. . . . Admirably done, adniitably arrang^ed, and admirably 
cheap." — Leeds Mercury. 

** A concise, cheap and complete epitome of the English law. So plainly written that he who 
nins may read, and he who reads may understand." — Fig-aro. 

" A dictionary of legfal facts well put togfether. The book is a rery useful oo!^' —Spectator. 

" A work which has long been wanted, which is thoroug-hly well done, and which we most 
cordially recommend."— 5«;/aa> Times. 

" The latest edition of this popular book ought to be in every business establishment, and on 
every library t;ah\ti."— Sheffield Post. 

•' A complete epitome of the law ; thoroughly intelligible to non-professional readers." 

Belts Life. 

Legal Guide for JPatunbrokers. 

THB PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases. By H. C. Folkard, £sq., Barrister-at-Law. 
Fcap. 8vO| 3s. 6d. cloth. 

The Law of Contracts. 

LABOUR CONTRACTS : A Popular Handbook on the Law 
of Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Appendix of Statutes by T. F. Uttley, Solicitor, Fcap. 8vo, 3^. 6d. doth. 

The Factory Acts, 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 
(1878-1891). For the Use of Manufacturers and Managers. By Emilb 
Garcke and J. M. Fells. (Reprinted from " Factory Accounts.'*) Crown 
8vo, 6d. sewed. 
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LONDON, 1862. 
THE PRIZE MEDAL' 

V/m awarded to the Pttblisher* of 

WEALE'S SERIES" 

RUDIMENTARY SCIENTIFICEDUGATIONAL, 
AND CLASSICAL. 

Compristmg" nearly Three Hun dred and Fifty distinct works in almost every 
department of Science^ Art , and Education^ recommended to the notice o fEngineert^ 
Architects, Builders^ Artisans, and Students generally ^ as well as to those interested 
Tt^ WorMmetT^TtSrann^^ttern^ Colleges^ Schools^ 

Science71asses^ &^., ^jc.""*"^^™ ^-^^■^^^^— — i^^— — i^.^.^ 

i^ " WEALE'S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing; revision, and new editions, 
brought up to the latest discoveries in scientific, research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gazette, 

" Amongst the literature of technical education, Wbalb's Series has 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LocKWOOD & Son render the series more complete, and bring the informa- 
tion upon the several subjects down to the present time." — Mining Journal, 

" It is not too much to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Weale's Series." — Engineer, 

" The excellence of Wbalb's Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
"nULvLe."— Builder. 

" The volumes of Weale's Series form one of the best collections of 
elementary technical books in any language." — Architect. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science."— PM&/ic Opinion, 




PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

Was awarded to the Publishers for 

Books : Bndimentary, Soientifie, 

"WEALE'S SERIES." ETC. 




CROSBY LOCKWOOD & SON, 

7, STATIONERS' HALL COURT, fLUDGATE HILL, LONDON, B.C. 

*^ Catalogues post free on application 



weale's rudimentary series. 



WEALE'S BXTDIMENTAET SCIENTIFIC SEEIE8. 




V The volumes of this Series are::freely Illastrated with 
Woodcuts, or otherwise, where requisite. Tnroug^hout the fol- 
lowing^ List it must be understood that the books are bound in 
limp cloth, unless otherwise sUted; but ike volumes marked 
with a X may aha be had ttrtmgly bound m cloth boardt for 6d 
extra, 

N,B,—In ordering from this List it is recommendedt as a 
means of faciMating business and obviating error, to quote the 
numbers affix^ to the volutnes, as well as the titles and prices, 

CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2s. 
35. THE BLASTxNG AND QUARRYING OF STONE, for 
Buildiuff and other Purposes. By Gen. Sir J. Burootnb, Bart. is. 6d. 

43. 2UBULAR, AND OTHER IRON GIRDER BRIDGES^par- 

ticularly describing: the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, C.E. Fourth Edition, ss. 

44. FOUNDATIONS AAD CONCRETE WORKS, with Practical 

Remarks on Footinn, Sand, Concrete, B£ton, Pile-driving, Caissons, and 
Cofferdams, &c.* By £. Dobson. Seventh Edition, is. 6d. 
60. LAND AND EAGINEERING SURVEYING. By T. BAKER, 
C.E. Fifteenth Edition, revised by Professor J. R. Youno. M.t 
8o*. EMBANKIAG LANDS FROM THE SEA. With examples 
and Particulars or actual Embankments, &c. By J. WiaoiMS, F.GJS. as. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of tiie Principal Greological Formations of England as in- 
fluencing Supplies of Water, he. By S. Huohbs, C.E. New Edition. 4S.t 

118. CIVIL ENGiAEERING IN NORTH AMERICA, a Sketch 
of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By FRANas Campin, C.E. as. 6d.» 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. 4S. 6d.t 

203. SAIStlTARi WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C. Slaoo, A.M.T.C.E. Revised Edition, is.* 

312. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENi : and the Manufacture and Distribution of Coal Gas. Originally 
written by Samubl Hughbs, C.E. Re-written and enlarged by William 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

«I3. PiOAEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coon- 
tnes. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

S16. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised. %%,% Z 

219. CII^IL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including Hydrauuc Enoinbbrino by Gbo. R. Burnbll, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. ELinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7?. 6d. 

268 THE DRAINAGE OF LAADS, TOWNS, ^ BUILDINGS. 

By G. D. Dbmpsbt, C.E. Revised, with large Additions on Recent Practice 

in Drainage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 

Corrected. 4s. 6d.t 

99* "^^ i indicates that these vols, may be had strongly boundai6d, extra. 
IX>ND0N: CROSBY LOCKWOOD AND SON, 



wkalk's rudimentary series. 



MECHANICAL ENGINEERING, ETC. 

33. CRANESt the Constniction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, it. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 
59. STEAM BOILERS: their Construction and Management By 

R. Armstrong, C.E. •Illustrated, is. 6d. 
82. THE POWER OF WATER, as appUed to drive Flour Milk, 

and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. as.t 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Bakbr, C.E. With Additions by J. Nasmyth, C.E. ss. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 

o^ with Rules and Examples for Practical Men. By T. Bakbr, C.£. is. 6d. 

164. MODERN WORKSHOP PRACTICE, as appUed to Steam En- 

nnes, Bridges, Ship-building, &c. By J. G. Winton. New Edition. |s. 6d.t 

165. aKON And heat, exhibiting the Principles concerned m the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour, ss. 6d.l 

166. lOWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, as.t 
171. THE WORKMAN'S MANUAL OP ENGINEERING 

DRAWING. By J. Maxton. 7th Edn. With 7 Plates and 350 Cuts. 3s. 6d.< 
190. STEAM AAD THE STEAM ENGINE, Stationary and 

Portable. By J. Sbwbll and D. K. Clark, C.B. 3s. 6d.t 
200. FLEL, its Combustion and Economy. By C. W. Williams. 

With Recent Practice in the Combustion and Economy of Fuel— Coal, Coke, 

Wood, Peat, Petroleum, ate— by D. K. Clark, M.I.C.E. 3s. 6d.t 
102. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnbar Clark, M.I.C.E. i%.t 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations, ss. 
117. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, ttc. By J. W. Urquhart, C.E. ss.) 
223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery. Manu&cture of 

the Steam Engine, &c. By Francis Campin, C.E. Second Edition, ss. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Franus C ampin, C.E. 3S.t 

237. THE SMI2HY AND FORGE; includmg the Earner's Art and 

Coach Smithing. By W. J. E. Crank. Illustrated, ss. 6d.t 

238. THE SHEET-METAL WORKER* S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 

Worldng Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hints 

on Construction and Selection. By M. Powis Bale, M.I.M.E. ss. 6d.2 
2t±.THE BOILERMAKER'S READY-RECKONER. By J. 
Courtney. Edited by D. K. Clark, C.E. 4s. 
•-• Nas. sit andzs^ in One Vol., half- bound, enfiiUd** TheBoilbrmakbr'sRbady- 
Reckonbr and Assistant.'* By J. Courtney and D. K. Clark. 7s. 

255. LOCOMOTIVE ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.B. 
Eighth Edition. 38. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual for 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Fourth Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 
260. IRON BRIDGES OF MODERATE SPAN: their Construe- 
tion and Erection . By Hamilton W. Pendred, C.E. ss. 

NT The X indicates that these vol s, may be had strongly bound at bd, extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 
4, MINERALOGY^ Rudiments of; a concise View of the General 
Propertiei of Mineral!. By A. RxksAY, F.6.S ., F.R.G.S., ftc. TUrd 
Edition, revised and enlarged. Illustrated. j«. 6d ,% 

117. SUBTERRANEOUS t^URVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Bakbr, C.E. Illustrated, m. 6d. X 

135. ELECTRO'METALLURGY; Practically Treated. By AuBX- 
ANDBR Watt. Ninth Edition, enlarged and revised, with additional lUus- 
trations, and including the most recent Processes, js. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, as. 6d.' 
172*. MINING TOOLS, ATLAS ot Engravings to Illustrate the above, 
containing ate Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
£scture of Iron and Steel, ftc. By H. Baubrman, F.G.S. Sixth Edition, 
revised and enlarged. 5s. t 

180. COAL AND COAVMINING, By the late Sir Warinoton W. 
Smyth, UA., F.R.S. Seventh Edition, revised. 3s. 6d.t: 

195. 7HE AflNERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE. By W. Lintbrn, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 

114. SLATE AND SLATE ^^^^^IVA^^^, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.6.S., Mining Engineer, ftc. 3S.t 

164. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. Collins, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, etc. 

16. ARCHnECTURE—ORDERS^The Orders and their .Esthetic 

Principles. By W. H. Lbbds. Illustrated, is. 6d. 

17. ARCHITECT URE—STYLES—Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, FJ(.I.BJ^m'8cc. Illustrated, as. 
*«* Orders and Stylbs of Architbcturb, in Oiu Vol^ 3«. 6d, 

18. ARCHlTECTURE—DESIGN-^Th^ Principles of Design in 

Architecture, as deducible from Nature and ezemplincd in the Works of the 
Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. as.6d. 
%* Tkg ikreg prectdmr Works, in One handsome Vol., half bound, entitled 
" MoDBRN Architbcturb," /nc* 6».\ 
22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building. Strength and Use of Matenals, 
Working Drawings, Specifications, and Estimates. By £. Dobson, as.) 
25. MASONRY AND STONECUT2ING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., ftc. as. 6d.2 
42. COTTAGE BUILDING, By C. Bruce Allen, Architect 
Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. as. 
45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
:PLASTERING, ftc. By G. R. Burnbll, C.E Fourteenth Edition, is. 6d. 
57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings. Mines, 
Lighthouses, Ships, ftc. By C. Tomlinson, F.R.S., &c. Illustrated. 3s. 
III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 

on the Principles of Construction. By W. Bland. Illustrated, xs. 6d. 
Iiy The t indicates th ai these vols, may 04. had strongly bound at td. extra, 
LONDON : CROSBY LOCKWOOD AND SON, 
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Architecture, Building, etc., continued. 

ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the^ichitect and 
Builder. By T. Roobr Skith, M.K.I.B A., Architect. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, zs. 6d. 

128. VITRUVIUS-'THE ARCHITECTURE OF MARCUS 

VlTRbVIUS POLLO. In Ten Books. Translated from the Latin bf 
JosBPH GwiLT, F.S.A., F.R.A.S. With %i Plates, fj^, 

130. GRECIAN ARCHaTECTLRE, An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of the Ait in 
Greece. By the Earl of Abrrdbbn. xs. 
%* The two preceding H^orJks in One handsome VoL, half bound, entitled "Ancumt 
Architbcturb," price 6s. 

131. THE ERECTiON OF DWELLING-HOUSES, Illustrated ly 

a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, ftc. By 
S.H. Brooks. New Edition, with Plates, as. 6d.« 

156. QUANTiIJES dr- MEASUREMENTSm Bricklayers', Masons', 
Plasterers*, Plumbers*, Painters*. Paperhangers*, Glides', Smiths*, Carpenters' 
and Joiners* Work. By A. C. Bbaton, Surveyor.' .Ninth Edition, xs. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1893. A 

Comprehensive Handbook of the Latest Prices and Data for BuUders. 

Architects, Engineers, and Contractors. Re-constructed, Re-written, and 

further Enlareed. By Francis T. W. Millbr, A.R.T.B.A. 700 pages. 

8. 6d. ; cloth boards, 4s. {Just Published, 

i8s. CARPENTRY AND 7OINERY—TBX. Elementary Prin- 

CIPLR8 OF Carpbktrt. Chiefly composed from the Standard Work of 
Thomas Trbdgold. C.E. With: a TREATISE ON JOINERY by E. 
Wyndham Tarn,1M.A. iFifth Edition, Revised. 3S.6df 
i82». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to 6s. 
185. UHE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Tim'ier, &c. By. Richard Morton. Fifth 
Edition. 4S. ; strongly bound in leather, 5s. 

187. HINTS To YOUNG ARCHITECTS. By G. WiGHTWiCK. 

New Edition. By G. H. Guillaumb. Illustrated, js. 6d.t 

188. HOUSE PAimiNG, GRAINING, MARBLING, AND SIGN 

"WRITING : with a Course of Elementary Drawing for House- Painters, Sign- 
Writers, he., and a Collection'of Useful .Receipts. By Ellis A. DAvmsoN. 
Sixth Edition. With Coloured Plates. 5s. clooi limp ; 6s. clotb boards. 

189. THE RLDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections: General Principles: Arch Drawine, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating ana Plastering j Practical 
Geometry,Mensuration, he. By Ajoam Hammond. Seventh Edition, xs. 6d. 

191. PLbMBiNG. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage and \ entilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. Sd.) 

192. 2HE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By R. E. Grandy. as. 



2o6. A BOOK ON BUILDING, CwU and Ecclesiastical, including 
Church Rbstoration.^ With the Theory of Domes and the Great PyiaaicC 
Sfcc. By Sir Edmund Bbckbtt, Bart., LL.D., Q.C, F.R.A.S. 4s- 6d.t 



m5. the JOaNTS made AND USED BY BUILDERS in the 

Construction of various kinds of Engineering and Architectural Works. By 

Wyvill J. Christy, Architect. With upwardsof 160 Engravingson Wood, js.4 

128. THE CONSTRbCTION OF ROOFS OF WOOD ANDIRON. 

By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, zs. 6d, 

fSgr The X indicates thai these vols, may be had strongly boun d at (td. extra. 
7, stationers' hall COURT, LUDGATE HILL, E.C 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 
and Exterior Decoration of Dwelling-Houset, fcc. By J. W. Facby. ts. 

^57. PRACTICAL HOUSE DECORATION. A Guide to the Art 
of Ornamental Painting. By Jambs W. Facby. as. 6d. 
%• The two precedinr Works, in One handsome Vol., half-bound, ontiiUd ** HousB 
Dbcoration, Elbmbntary and Practical," >rkr* 5*. 

130. A PRACTICAL TREATISE ON HANDR AILING, Showing 
New and Simple Methods. By 6. Collinos. Second Edition, Revised, 
includine A Trbatisb ON Stairbuildino. Plates. 2s.6d, 

147. BUILDING ESTA TES : a Rudimentary Treatise on the Develop- 
ment, Sale, Purchase and General Manas[ement of Building^ .I«and. By 
Fowlbr Maitlamd, Surveyor. Second Edition, revised, ss. 

J48. PORTLAND cEJfEAT FOR USERS. By Henry Faija, 
Assoc. M. Inst C.E. Third Edition, corrected. Illustrated, ss. 

152. BRICKWORK: a Practical Treatise, embodying the (jeneral 

and Higher Principles of Bricklayinsr, Cutting and Setting, See. By F* 

Walkbr. Third Edition, Revised and Enlarged, is. 6d. 

23. THE PRACTICAL BRICK AND 2ILE BOOK. Comprising: 

189. Brick and ilb Making, by £. Dobson, A.I.C.E.; Practical Bricklay- 

S65. mo, by A H mmond ; Bripkcuttino and Sbttino, by A. Hammond. $34 

pp. with 2 70 Illustrations. 6s. Strongly half-bound. 

\ll.THE TIMBER MERi^HANT'S, SAW-MILLER' S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With Additions by M. Powis Balb, A.M.Inst.C.£. 3s.t 

158. CIRCULAR WORK IN CARPEN2RY A^D JOINERY. 
A Practical Treatise on Circular Work of Single and Double Curvature. 
Byf Gborob Colunos. Second Edition, ss. 6d. 

259. GAS FIlTI^G: A Practical Handbook treating of every 
Description of Gas Laying and Fitting. By John Black, ss. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Gborob H. Bijigrovr. is. 6d. 

265. THE ART OF PRACTICAL BRICK CU7 TING &* SETTING. 
By Adam Hammond. With go Engravings, is. 6d. 

267. THE SCIENCE OF BUILDING: An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M. A. Lond. Third 
Edition, Revised and Enlarged. 3s. 6d.t 

271. VENTILA'iION: a Text-book to the Practice of the Art of 

Ventilating Buildings By W. P. Buchan, R.P., Sanitary Engineer, Author 
of "Plumbing," 8tc. js. 6d.t 

272. ROOF K^ARPEl^TRY ; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Gbo. Collings, 
Author of " Handrailing and Stairbuilding," &c. ss. \,Jusi published. 

273. THE PRACTICAL PLAS1ERER : A Compendium of Plain 
andO na ntal PlasterWork. By Wilfred Kbmp. ss. \, Just published. 



SHIPBUILDING, NAVIGATION, ETC. 

%\. NA VAL ARCHITECTURE. An Exposition of the Elementary 

Principles. By J. Pbakb. Fifth Edition, with Plates. 3s. 6d.t 

53». SHIPS FOR OCEAN ^ RIVER SERVICE, Elementary and 

Practical Principles of the Construction of. By H. A. Sommbrpbldt. is. 6d. 

AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

MASTING, MASl'MAKING, AND RIGGING OF SHIPS, 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes 
&c., relative to every class 01 vessels. By Robert Kipping, N.A. as.! 

Ifi^ The \ indicates that these vols, may be had strongly bound at 6d, extra, 
LONBON: CROSBY LOCKWOOD AND SON, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 
S4». IRON SHIP-BUILDING. With Practical Examples and Details. 
By ToHH Grantham, C.E. Fifth Edition. 4s. 
55. 7 HE SAILOR* S SEA BOOR: a Rudimentaiy Treatise on 
Navig^ation. By Jambs Grkbnwood, B J^. With numerous Woodcuts and 
:Coloured Plates. New and enlarged edition. Hy W. H. Rossbr. u. 6d.t 
80. MARINE ENGINES AAD STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborob Caruslb, C.E. 4s. 6d. limp ; 5s. cloth boards. 
83«f. THE FORMS OF SHIPS AND BOATS. By W. Bland. 
Eighth Edition, Revised, with numerous Illustrations and Models, zs. 6d. 
99. NAVIGATION AND NAOTIcAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Youno. New Edition, ss. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A • is. 6d. 



149. SAILS AND SAIL'MAKING. With Draughting, and;the Centre 

of Effort of the Sails ; Weights and Sizes of Ropes ; Masting, Rigging, 

rand Sails of Steam Vessels, &c. isth Edition. By R. Kipping, N.A., 8s.6d.t 

155. ENGI^EER*S GUIDE TO THE ROYALS MERCANTILE 

NAVIE3.**By a Practical Enoinbbr. Revised by D. F. McCarthy. 3s. 

PRACTICAL NAVIGATION. Consisting of The Sailor's 



Sea-Book. By Jambs Grbbnwood and W. H. Rossbr. Toother with 
the requisite Mathematical and Nautical Tables for the Working of the 
Problems. By H. Law, C.E., and Prof. J. R. Youno. 7s. Half-bound. 



•**^* Problems. By H. Law, C.E., and Prof. J. R. Youno. 

AGRICULTURE, GARDENING, ETC. 

6i».u< COMPLETE READY RECKONER FOR THE ADMEA^ 

SUREMENT OF LAND, &c. ByflfA. Arman. Third Edition, revised 

and extended by C. Norris, Surveyor, Valuer, &c. ss. 
131. MILLER'S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modern 

Flour-Mill Machinery, by W. S. Hutton, C.E. ss. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDBRN Farbong.) By R. Scott Burn. Woodcuts, ss. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outunbs of Modbrn Farmino.) By R. Scon Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outunbs of Modbrn Farming.) By R. Scott Burn. Woodcuts, ts. 66. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outunbs of Modbrn Farming.) ss. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outunbs of Modbrn 
Farming.) By R. Scott Burn. Woodcuts, ss. od. 
%• No9. X40-1 -8-5-6, tn One Vol,.Jiandsomely half -bound, entitled "[Outunbs or 
Modbrn Farming." By Robbrt Scott Burn. Price is*. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Brbuil. Revised by Gbo. Glbnny. 187 Woodcuts. 3s. 6d. 
198. SHEEP,: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d.t 

tou KITCHEN GARDENING MADE EASY. By George M.F. 
Glbnny. Illustrated, zs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

tation of Farm Labour. By Ri Scott Burn. ss. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT. 
By R. Scott Burn. ss. 6d. 

%* No*, aorj &* 208 in One Vol., handsomely half-bound, entitled " Outunbs of 
Landbd Estates and Farm Manaobmbnt." By R. Scott Burn. Price 6s, 

§9* The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, stationers' HALL COURT, LUDG/TE HILL, E.C. 
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Agriculture, Gardening, etc., continued. 
ao9. 7HE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flonroring Shrubs, Flowering Plants, &c. By Samubl Wood. as. 

Jio. THE TREE PRONER. A Practical Manual on the Praning of 
Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samubl Wood. is. 6d. 
%• Nm, S09 6f 2x0 sn One Vol., handtonuty half- bound, enh'iled "Thb Trbb 
Planter, Propaoator, and Prunbr." By Samubl Wood. Price 3*. 6d. 

218. THE HAY AND STRAW MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, ftc. 
By John Stbblb. Fifth Edition, ss. 

Ill, SUBURBAN FARMING. The Laying-out and Cultivation of 
'Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs. By Pro£ John Donaldson and R. Scott Burn. 38. 6d.t 

131. THE ART OF GRAFTING AND BUDDING. By Chaeles 

BAJ.TBT. With Illustrations, as. 6d.t 

132. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, is. 6d. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. I8.6d. 

«34. MARKET AND KITCHEN GARDENING. By C. W. Shaw, 
late Editor of ** Gardening Illustrated." 3s.t 

239. DRAINING AND EMBANKING. A Practical Treatise, em- 
bodying the most recent experience in the Application of Improved Methods. 
By JOHN Scott, late Professor of Agnriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

«40. IRRIGA TION AND WA TER SUPPL Y. A Treatise on Water 
Meadows, Sewage Irrigation, and Warping; the Construction of Wells, 
Ponds, and Reservoirs, &c. By Prof. John Scott. With 34 Ulus. is. 6d. 

241. FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction^ 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. ss. 

243. BARN IMPLEMENTS AND MACHINES. A PracUcal 

Treatise on the Application of Power to the Operations of Agriculture j and 
on various Machinesused in the Threshing-bam, in the Stock-yard, and m the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott, with 138 Illustrations. ' ss. 

245. AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, tkc. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 
%* Nat. 239 to 245 in One Vol.f handsomely half-bound, entitled " Thb Complbtb 
Tbxt-Book of Farm Enginbbring." By Professor John Scott. Price 12*. 

250. MEAT PRODUCTION. A Manual for Producers, Distributors, 

Stc. By John Ewart. 2s. 6d.t 
266. BOOK-KEEPING FOR FARMERS df ESTATE OWNERS. 

By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 

cloth boards. 

Ipt^ 7 he X indicates that these vols may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWQOD AND SON, 
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MATHEMATICS, ARITHMETIC, ETC- 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjastment, Testine. and Use concisely Explained. By J. F. 
Hbathbr, M.A. Fourteenth Edition, revised, wiUi additions^ by A. T. 
Walmislby, M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in I vol.. Illustrated. 2s.t 
%• /*• ordering the above, be careful to say, " Original Editum *» {No, 32), io dititM' 
guisk a from the Enlarged Edition in 3 vols, {Nos, 168-9-70.) 

It. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. M0N6B. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Hbathbr, M.A. Witti 14 Plates. St. 
178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane ana Greometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts, as. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haodon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Pra ctice. By 
Professor J.R. Youno. Eleventh Edition, xs. 6d. 
84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Inaproved Processes, for the Use of 
Teachers and Unassisted Learners. By j. R. Youno. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra, as. 
86*. A KLby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various E3q[)edients 
necessary in Algebraical Operations. By I. R. Youno. xs. 6d. 

%%. EUCLID, The Elements of : widi many additional Propositions 
80. and Explanatory Notes : to which is prefixed, an Introductory Essay Ton 
^ Logic. By Hbnry Law, C.E. as. 6d.t 

*«* Sold also separately, vss, .* — 

88. Eucud, The First Three Books. By Hbnry Law, C.E. xs. 6d. 

89. EucLTO, Books 4, 5, 6, II, I a. By Hbnry Law, C.E. is. 6d. 

90. ANALYiICAL GEOMETRY AND CONIC SECTIONS 

By Jambs Hann. A New Edition, by Professor J. R. Youno. as.t 

91. PLANE TRIGONOMETRY, the Elements of. By JAMIS 

Hann, formerly Ma thematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By Jambs 

Hann. Revised by Charlbs H. Dowuno, C.E. is. 
%• Or with "Ike Elements of Plane Tris^onometry," in One Volume, u. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 

Bakbr, C.E. NewEditionby E. NuoENT,;C.£. Illustrated, is. 6d. 
lOi. DIFFERENCIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSB, F.R.A.S., &c. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMRRSHAM Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentaiy, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Aruan. is. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

§9* TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL. B.C. 
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K^athexnatlcs, Arithmetic, etc., continued, 

168. DRAWING AND MEASURING xNSTRLMENTS. Indud- 

iag^I. Instniments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instniments used for the jpniposes of Accurate Measurement, and for 
Arithmetical Computations. By f . F. Hbathbr, M.A. Illustrated, is. 6d. 

169. OPTICAL lASTRbMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Mims and Plans 
by Photography. By J. F. Hbathbr,'. M.A. Illustrated, is. 6d. 

170. SURVEYJhG AND ASTRONOMICAL INSTRUMENTS. 

Including— I. Instruments Used for Determining the Greometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Hbathbr, M.A. Illustrated, is. 6d. 
*«* Tk4 €ib<nfe three volume form an enlargtement oftkg Author' 9 original workf 
" liathemattcal /nsttununts," (See No, 3a in the Series.); 

le^-kMATHEMATICAL INS7RUMENTS. By J. F. Heather, 

169. > CM Jl. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 

170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

IS«. 'jHE slide role, and how to use IT; containing 
Ifull, easy, and simple Instructions to perform all Business Calculations wiu 
nnezampled rapidity and accuracy. By Charlbs Hoarb, C.£. Sixth 
Edition. With a Slide Rule in tuck of cover, ss. 6A.X 

156. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FiSdor Thoman. Fourth Edition. 4S.t 

199. THE COMPEADIOUS CALCULATOR; or, Easy and Concise 
Methods of Pertorming the various Arithmetical Operations reouired in 
Commercial and Business Transactions ;* together with Useful TaUes. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. KoRRXS. 
2S. 6d^ cloth limp : 3s. 6d., stronrly half-bound in leather. 

204. MA'IHEMAIICAL 2^^£^5, for Trieonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise 'on Logarithms. 
By Hbnry Law, C.E. Together with a 'Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
204*. LOGARITHMS, With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Hbnry Law, M.Inst.CE. New 
and Revised Edition . ( Forming part of the above Work). 3s. 

2JI. MEASURES, WEIGHiS, AND MONEYS OF ALL NA- 
T/ONSt and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Seventh Edition, ss. 6d.t 

127. MATHEMATICS AS APPLIED TO THE CONSTRUE 
TIVS ARTS, Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples. Bv Fkancis C ampin, C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY. By IVt)fessor Georob Fownks, F.R.S. With 
an Appendix on the Application of Chemistry to Agriculture, is. 

t. NATURAL PHILOSOPHY, Introduction to the Study of. By 
C. Tomunson. Woodcuts, is. 6d. 

6. MECHANIt^S, Rudimentaiy Treatise on. By Cha&les Tom- 

limson. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabinb, C.E., F.S.A. is. 6d. 
7». GALVANISM, By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

^ftP" The t indicnfas t^af these w)ls. may be htid strongly bound at 6d. extra, 

LONDON : CROSBY LOCKWOOD AND SON, 
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Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomunson, F.R.S. 
Fourth Edition, enlarged. Illustrated, zs. 6d. 
-2. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A. Third 
Edition, by William Tmynnb Lynn, B.A., F.R.A.S. as. 

t^T. STATICS AND DYNAMICS, the Principles and Practice of; 
embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General PoRT- 

Locx's "Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts, as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tate, A.L.S.,&c. Woodcuto. as.6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

ft Historical. Partly based on Maior-General Portlock's "Rudiments of 
174. Geology." By Ralph Tate, A.L.S., F.G.5., &c. In One Volume. 4s. 6d.| 
183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 
i8a College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 
* ^' %* Sold ai$o tnlwo Parts, as follows >— 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XVIII. 3s. 
269. LIGHT: an Introduction to the Science of Optics, for the Use of 

Students of Architecture, Engineering, and other Applied Sciences. By £. 
Wyndham Tarn, M.A. is. M. i^ust published. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By George Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gbssbrt and Emanuel Otto From- 
bero. With an Appendix on The Art of Enamelling. 2s 6d. 

69, MUSIC, A Rudimentary and Practical Treatise od. With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles C hild Spencer, is. 6d. 
6')-7i. MUSIC ^ THE PIANOFORTE. In one vol. Half bound, Ss. 

i8i. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water>Glass, Tempera, Encaustic. Miniature. 
Pamting on Ivory, Vellum, Pottery, Enamel, Glass. 8cc. With Historical 
Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 
John Times, F.S.A4 Sixth Edition, revised and enlarged. 5s.t 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlai^ed and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3$.* 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2s. 6d.t 

§j/r The t indicates thai these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS* HALL COURT, LUDGATK HILL, E.C. 
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INDUSTRIAL AND USEFUL ARTS- 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By E. DoBSON, M.R.I.B.A. Illustrated, 314 

67. CLOCKS, WATCHES, AND BELLS, a RudimenUry Treatise 
on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp : 5s. 6d. cloth boards. 
i<r •• CONSlRUCiION OF DOOR LOCKS. CompUcd from the 
Papers of A. C. Hobbs, and Edited by Charlbs Tomunson. F.R.S. bs. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making-, Moulding, Turning, Filing, BuraishiBg, 
Bronzing, 8ec. With copious Keceipts, See. By Waltbr Grabam. ts4 

205. 7 HE AR'i OF LE'lTER PAINTING MADE EASY. By 
J. O. Badbnoch. Illustrated with la full -page Engravingp of Examples, n. 6a 

215. THE GOLDSMIlirS HANDBOOK, containing fuU Instruc- 
tions for the Alloying and Working ot Gold. By Gborob E. Gbi, \%,X 

225. THE S1LIERSMITH*S HANDBOOK, containing fiiU In- 
stmctions for the Alloying and Working of Silver. By Gborgb E. Gtbi. 3s4 
•«• The hoo preceding Works, in One handsome Vo*., half-bound, entitled " Thb 
Goldsmith's & Silvbr smith's Complbtb Handbook,*' is. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By Gborob E. Gbb. ts.t 

224. COACH BUILDING, A Flractical Treatise, Historical and 
Descriptive. By J. W. Burobss. as. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. DiCKSON, 

M.A., Precentor of Ely Cathedral. Illustrated, ts. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bbdford Lbno. Numerous Illustrations. Third Edition, as. 

263. MECHANICAL DENTISTRY: A Practical Treatise"^ on the 

Construction of the Various Kinds of Artificial Dentures, with FormulaB, 
Tables, Receipts, See. By Charlbs Huntbr. Third Edition. i%.t 
270. WOOD ENGRAVING: A Practical and Easy Introduction to 
the Study of the Art. By W. N. Browk. is. 6d. 

MISCELLANEOUS VOLUMES- 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGJI^EBRfAG, MINING, Aa ETA LLURGY, ARCHE- 
OLOGY, the FINE ARTS, af*,. ByjoHNWBALB. Sixth Edition. Revised 
by RoBBRT Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 
50. LABOUR CONTRACTS. A Popular Handbook on the Law of 
Contracts for Works and Services. By David Gibbons. Fourth Edition, 
Revised, with Appendix of Statutes by T. F. Utflby, Solicitor, 3s. 6d. clotii. 
112. MANUAL OF DOMES'iIC MEDiCINE. By R. GOODINO, 
B.A., M.D. a Family Guide in all Cases of Accident an() Emergency as. 
ii2«. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. Jambs Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. , 

153. SELECTIONS FROM LOCKERS ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbms. ^. 

154. GE^ERALHl^TS TO EMIGRANTS. 2S. 

157. THE EMIGRANTS GUIDE TO NATAL. By R. Mann. 2s. 

193. HANDBOOK OF FiELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With xeiWoodcuts. 3s.t 

194. 7 HE HOLSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Duty 

Management, &c. By An Old Housbkbbpbr. 3s. 6d.t 

i94» HOUSE BOOK {The). Comprising:—!. The Housr Manager. 

f 12 & By an Old Housbkbbpbr. II. Dombstic Mbdicinb. By R. Gooddto, M.D. 

112*. ^^1* Managbmbnt of Hbalth. By J. Baird. In One Vol., half-bound, 6s. 

The % indicates that these vols may be had strongly hound at 6d. extra. 

LONDON : CROSBY LOCK WOOD AND SON. 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

leference to the Origin and Proeress »of the^English Constitution. By 
WiixiAM Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilisation in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of; from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3«. 6d. 
50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand, is 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.CL. Fifth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken an 

Written. Containing above 100,000 Words. By Hydb Clarkb. D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bos., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
i8th Edition, is. 6a, 

49. Derivative Spelling- B ook : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.^.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d. 
54. Analytical Chemistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

formerly H.M. Inspector of Schools. 

Introductory Primbr, yd. 



First Standard . .06 
Sbcond „ . . o 10 

Third . . x 



s, d. 

Fourth Standard . • • i « 

Fifth ' ,».... i 6 

Sixth „ . . . . i 6 

Lbssons from thb Biblb. Part I. Old Testament, xs. 

Lbssons from thb Biblb. Part II. New Testament^ to which is added 

Thb Gbography of thb Biblb, for very young Children. By Rev. C 

Thornton Forstbr. is. 2d. %• Or the Two Farts in One Volume, as. 

7, STATIONERS* HALL COURT, LUDGATE HILL, E.a 
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FRENCH. 

24. French Grammar. With Complete and Concise Roles on the 

Gendert of French Nonns.^By G, L. Strauss, Ph.D. xs. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, fcc. By Alfred Elwxs. xs. 6 d. 

26. English-French Dictionary. BvAi^rkd Elwes. 28. 
25,26. French Dictionary (as above). Complete, in One VoL, 3«. ; 

cloth boards, 38. 6d. \* Or with the Grammar, cloth boards, 4s. 6d. \\ 
47- French and English Phrase Book ; containing Intro- 
ductory Lessons, with Translations, several Vocabularies'of Words^ a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, xs. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, xs. 6d. 

40. Gemoian Reader ; A Series of Extracts, carefiilly culled from the 

most approved Authors of Germany ; ^mih. Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 
41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Grer- 
man-French. Part III. French-German-English. 3s., or cloth boards, 4s. 

Ai-43 German Triglot Dictionary (as above), together with Grerman 

6c 39. Grammar (No. 39), in'One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. I. Italian-English-French, as. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol 2. 

English-French-Italian. ss. 6d. 

32. Italian Triglot Dictionary. By Alfkbd Elwes. VoL 3. 

French-Italian-English. 3S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Clo h boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple ' and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. xs. 6d. 

35. Spanish-English and English-Spanish T Dictionary. 

Including a large number of Technical Terms used in Mininir, Engine^ng, 8cc. 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs 
4s. ; cloth boards, 5s. \* .Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, &c., with the proper Accents knd the Gender of every Noun. 
By Alfred Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. %* Or 
with the Grammar, cloth boards, 7s. 

HEBREW. 

46*. Hebrew^ Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of tiie Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 

44,46. Hebrew^ Dictionary (as above), in Two Vols., complete, with 

^•. fhe Grammar, cloth boards, 12s. 

LONDON: CROSBY LOCKWOOD AND SON, 



WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 15 

LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Grreenwich Proprietary School, is. 6d. 

20. Latln-Engllsh Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Gtoodwin, M.A. is. 6d. . 

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. od. 
dotii boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, xs. 6d. 

2. Csesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilil Maronis Mneis. With Notes, Critical and . 



by H. Young. New Edition, revised and improved With copious Add 
tional Notes by Rev. T. H. L. Leary, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

<• Part I. Books i.— vi., xs. 6d. 

5*» — ^— Part;2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. ^ . *-r * t^ -nr -n 

7. Horace; Satu-es, Epistles, and Ais Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentll Andria et HeautoAtimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 
ID. Terentll Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2S. 

11. Terentll Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

12. Clceronls Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev, 
Jambs Davibs, M.A. is. 6d. 

13. Clceronls Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, bv Rev. 
T. H. L. Lba&y, D.CL. formerly Scholar of Brasenose College, Oxford. 

I2L cSceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 
citia. de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smtth 
M.A., F.R.G.S. 28. 

16. Livy s History of Rome. Notes by H. Young and W. B. Smith, 
MJL. Parti. Books i., ii., IS. 6d. 

i6». JPart 2. Books iii., iv.j v., is. 6d. 

17. iPart 3. Books xxi., xxii., is. 6d. 

10. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 3s. 
10. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, VeUeius Paterculus, Valerius Maxlmus Soeto- 

nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 
21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, BJ^., Lecturer on Logic at King's College, London, m. 



7, STATIONERS' HALL COURT, LUDGATE HILL, E^C 



1 6 WEALE'S EDUCATIONAL AND CLASSICAL SERIES. 

GREEK. 
14. Greek Grammar, in accordance with the PrinciDles an^ Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claudb Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Gre«l -English, as. 6d. ; Vol. 2. English-Greek, as. Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 53. 

14,15. Greek Lexicon (as above). Complete, with the G&amicar, in 

17. One Vol., cloth boards, ds. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Grenealogical Vocabularies andExplanatory Notes, by H. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
s, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Fart i. Books i. to iii., 
IS. Part 2. Books iv. to vii., xs. 

4. Luclan's Select Dialogues. The Text carefullv revised, with 
Grammatical and Explanatory Notes, by H. Young, xs. 6a. 
5-12; Homer, The Works of. According to the Text of Basumlsin. 
With Notes, Critical and Explanatory^ drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 
Thb Iliad : Part i. Books i. to vi.^ is.6d. Part 3. Books xiii. to xviii., is. 6d 
Part a. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 
Thb Odyssbt : Part x. Books i. to vi., xs. 6d Part 3. Books xiii. to xviii., xs. 6d. 
Part 2. Booksvii.toxii., is.6d. Part 4. Books xix. to xxiv., and 
Hymns, 2s. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text ox C. F. Hermann. Edited with Notes, Critical 
andExplanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
Witii Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euteipe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. 6d. 

18. Sophocles ; CEdipus Tyrannus. Notes by H. Young, is. 

ao. Sophocles; Antigone. From the Text of Dindo&f. Notes, 
Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 

13. Kuripides : fiecuba and Medea. Chiefly from the Text of DiN- 
DORF. With Notes, Critical and Explanatory, by W. Brownrioo Smith, 
M.A., F.R.G.S. xs. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf, With 
Notes, Critical and Explanatory, by "John Milnbr, B.A. is. 6d. 

30. -^schy lus ! Prometheus Vmctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jambs Davibs, M.A. is. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

4a Aristophanes ; Achamians. Chiefly from the Text of C. H 
Wbisb. WithNotes,byC.S.T.TowNSHBND, MwA. is.6d. 

41. Thucydldes ; History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 6d. j t ._ 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W.Jbwitt. is. 6d. 

43. Demosthenes. The Oration on the Crown and the Phihppics. 
With English Notes. By Rev. T. H. L.|Lbarv, D.C.L., formerly Scholar of 
Bra senose College, Oxford, is. 6d. 
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